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Figs. 1-20. Reproductions of magnetograms showing principal magnetic storms. 

INTRODUCTION. 

[Latitude 18° 08'.8 N; longitude, 65** 26'.9 W; elevation, 20 meters (65 feet).] 

In February, 1903, a magnetograph was installed in a room in 
Fort Isabel Segunda, on Vieques Island, P. R., and variation ob- 
servations were continued there until April, 1907. At that time^ 
suitable buildings having been constructed for the observatory work, 
the instruments were transferred to the new site, about five-eighths of 
a mile (1 km.) west of the old fort. A general description of the new 
building will be found in the Results for 1907 and 1908. The methods 
of observing are explained in Directions for Magnetic Measurements 
by D. L. Hazard, published in 1911 (second edition in 1921). 

The division of terrestrial magnetism of the U. S. Coast and Geo- 
detic Survey, of which N. H. Heck, hydrographic and geodetic 
engineer, is chief, includes both the office and field work. The office 
computations and preparation of the results for publication were in 
charge of the writer, assisted by W. N. McFarland, Frank Neumann^ 
and O. S. Hill, computers. The work of the observatory was carried 
on by Wallace M. Hill, magnetic observer, for all of 1919 and 1920, 
except for two months in 1920, when W. W. Merrymon, magnetic 
observer, was in charge. 

Up to the end of 1914 each hourly value of declination, horizontal 
intensity, or vertical intensity in the monthly tabulations represented 
the momentary value of the quantity for the specified hour, local 
mean time. Beginning with 1915 the published hourly values are 
average values for successive periods of an hour, beginning at mid- 
night of the specified standard meridian (sixtieth in the case of 
Vieques). Thus, a value in the column headed 1 represents the 
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average value for the hour beginning at midnight and ending at 
1 a. m., sixtieth meridian mean time. 

INSTRUMENTS. 

VARIATION INSTRUMENTS. 

The magnetograph is of the Eschenhagen pattern and consists of 
a recording apparatus and decUnation (D), horizontal intensity {H), 
and vertical intensity (Z) vwonieters. Increasing ordinates (up- 
ward motion of the curves) correspond to increasing west dechnation, 
increasing H and increasing Z. Variations in temperature were 
obtained from the record of the photographically recording thermo- 
graph inclosed in the Z variometer. The seasonal variation was small 
and the range in the course of a day was ordinarily not more than 
two or three tenths of a degree. 

Monthly and annual range of temperature {centigrade) . 





1919 


1920 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


Mean 


Range- 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Range. 


Jamiarv . . - 


26.7 
27.5 
27.5 
27.7 
28.9 
,29.4 

28.8 
29.2 
28.8 
28.2 
28.0 
27.5 


24.5 

24.3 
23.7 
25.2 
25.6 
27.4 

26.9 
27.9 
27.4 
27.3 
25.1 
25.0 


25.8 
25.9 
25.9 
26.8 

27.8 
28.4 

28.2 
28.6 
28.0 
27.8 
27.0 
26.2 


2.2 
3.2 

3.8 
2.5 
3.3 
2.0 

1.9 
1.3 
1.4 
.9 
2.9 
2.5 


26.6 
26.5 
28.8 
27.4 

28.8 
! 28.6 

29.0 
29.2 
29.3 
29.1 
28.2 
27.5 


23.8 
24.9 
25.1 
25.5 
27.0 
27.3 

27.5 
27.8 
27.6 
27.3 
27.2 
25.6 


25.3 
25.7 
25.9 
26.6 
27.7 
27.8 

28.2 
28.5 
28.6 
28.5 
27.7 
26.5 


2.8 


February . 


1.6 


March - 


1.7 




1.9 


jsiay 


1.8 


J unG . • 


1.3 


Jljly 


1.5 




1.4 


SpTitember . . • 


1.7 




1.8 


M ovember .- 


1.0 


December 


1.9 






Year 


29.4 


23.7 


27.2 


5.7 


29.3 

1 


23.8 


27.2 


5.5 







ABSOLUTE INSTRUMENTS. 

India magnetic survey pattern magnetometer No. 31; Schulze 
earth inductor No. 1 : 

Seismograph. — ^A Bosch-Omori seismograph was kept in continuous 
operation. The recorded earthquakes will be found tabulated on 
pages 97-99. 

Time. — Observations were made about once a week with a sextant, 
using the method of equal altitudes of the sun. 

CONSTANTS OF THE MAGNETOGRAPH, 

DECLINATION. 

Scale value .—One millimeter on the magnetogram = 1 ' .02. 

HORIZONTAL INTESNITY. 

Scale value. — ^Deflection observations at two distances were made 
once a month. The results show the usual variation of scale value 
with ordinate, represented by the following formulas, in which Ji is 
the ordinate in millimeters. 



KESULTS OF OBSERVATIONS AT VIEQUES. P. 



R,., 1919 AND 1920: 



March 31 to December 31, 1919 e;,=2.497+0.005/i 

January 1 to March 31, 1920. €;^=2.49t+ .005/^ 

March 31 to May 29, 1920 €;,=2.58y+ .005A 

May 30 to August 30, 1920 ^;2,=2.49t+ -OObh 

August 31 to October 1, 1920 -./,=2.567+ -005/^ 

October 2 to November 1, 1920 t7,=2.19T+ -OObh 

November 2 to December 31, 1920 e/^=2.287+ .005^. 

For the first three months of 1919 the results indicate that the H 
variometer was not entirely free during the deflection observations, 
but the ordinary daily motion was probably not restricted; so the 
adopted scale values were based on the formula derived for the rest of 
the year, using the mean ordinate for the month in each case. 

H scale value. 



Bate. 



1919 

Jan. 2 

Jan. 4 

Jan. 30.... 
Feb. 28.... 

Mar. 6.... 

Mar. 31.... 

Apr. 30.... 

May 31.... 

June 30 

July 31..-. 
Aus^. 10.... 
Aug. 30 

Oct. 1...- 

Oct. 31.... 

Dec. 1 

Dee. 31.... 



mw.. 
0.0 

-44. 9 
-12.6 
-20.0 

-8.4 
-22.2 
-15.8 
-20.2 

-24.0 
-21.6 
-30.8 
-39.1 

-25.5 
-37.0 
-29.6 
-33.1 



Ob- 
served. 



2.62 
2.31 
2.56 
2,59 

2.80 
2.37 
2.42 
2.40 

2.37 
2.37 
2.32 
2.29 

2.38 
2.30 
2,31 
2. 34 



Ador)tecL 



2.39 
2.39 
2.39 
2.39 

2.38 
2.38 
2.36 
2. 34 

2.32 
2.32 
2.29 
2.29 

2.28 
2.28 
2.31 
2.31 



Date. 



1920. 

Jan. 31 

Mar. 1 

Mar. 31.,.. 
Apr. 3.... 

May 1 

June 3 

July 1..-. 
July 30..... 

Aug. 30.... 
Aug. 31.... 
Oct. 1.... 
Nov. 1 

Nov. 30.... 
Dec. 31.... 



h 

mm. 


Ob- 


served. 


T 


-36.8 


2.34 


-42.9 


2.27 


-44.3 


2.31 


-10.5 


2.50 


-15.3 


2.52 


-20.6 


2.38 


-29.3 


2.33 


-33.0 


2. 34 


-48.4 


2.32 


-2.8 


2.51 


-20.4 


2.51 


64.8 


2.51 


31.1 


2.45 


30.4 


2.43 



x^.dopted. 



2. 31 

2.' 28 
2.24 
2. 44 

2.44 
2.33 
2.31 
2.31 

2.29 
2. 51 
2.51 

2.44 

2.44 

2. 44 



Temperature coefficient,- 
g=0.00027 or 7.5 7 f or 1' 



-The value determined for 1918 was used: 

C. 



VERTICAL INTENSITY. 



Scale value, — -Deflection observations at two distances were made 
atleast once a month. A factor of the form ( 1 + -^ j was introduced in 

the computation formula to take account of the dissimilarity in the 
form of the D and Z magnets. The same value of P, namely 44.4, 
was used as in previous 3^ears and the results for the two distances 
show satisfactory agreement. 

Changes of scale value occurred on October 31, December 1, and 
December 31, 1919, and August 31, October 2, October 31, November 
4, November 14, November 22, November 30, and December 31, 1920, 
caused in most cases by the scale value deflections. For the period 
between November 30 and December 31, 1920, the mean of the scale 
values determined on those dates was used. 
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Z scale value. 



Bate. 


Short 
distance. 


Long 
distance. 


Adopted. 


Date. 


Short 
distance. 


Long 
distance. 


Adopted. 


1919. 
Jan. 2 


l59 
5.03 
5.19 
5.21 
5.16 

5.84 
4.96 
4.40 
5.19 
5.13 

5.11 
5.40 
5.21 

4.48 
5.10 


7 

4.73 
4.89 
5.22 
5.11 
5.34 

5.52 
5.07 
4.48 
5.18 
5.26 

5.33 
5.52 
5.29 
4.52 
5.14 


7 
4.71 
4.96 
5.21 
5.21 
5.21 

5.21 
5.21 
5.21 
5.21 
5.21 

5.21 
5.21 
5.21 
4.51 
5.12 


1920. 
Jan. 31 


7 

5.16 
5.13 
5.26 

5.27 
5.34 

5.17 
5.40 
4.53 
5.29 
4.55 

6.90 
4.21 

4.64 
4.58 
7.11 


\l9 
5.16 
5.24 
5.33 
5.29 

5.19 
5.49 
4.50 
5.24 

4.47 

6.99 
4.27 
4.64 
4.52 
7.10 


7 
5 15 


Jan. 4 


Mar. 1 .. 


5 20 


Jan. 30. 


Mar. 31 

May 1 


5 23 


Feb. 28 


5 28 


Mar. 6 


Julie 3 


5.32 


Mar. 31 ... 


July 1 


5 36 


Apr. 30 

May 31 


July 30 


5.39 


Aug. 30 




June 30 


Aug. 31 


5 26 


July 31 


Oct. 1. 


4 51 


Aug. 30 


Nov. 1 


6.94 


Oct. 1 


Nov. 10 


4 24 


Oct. 31 


Nov, 16. 


4.64 


Dec. 1 


Nov. 30 


4.55 


Dec. 31 


Dec. 31 


7.10 









Temperature coefficient, — The same value was used as in previous 
years, namely: 2== 0.000175 or 6 7 for 1°C. 

ABSOLUTE OBSERVATIONS AND BASE-LINE VALUES. 

DECLINATION. 

Absolute observations were made once a week, a day's observa- 
tions consisting of four sets. There were abrupt changes of base 
line, due to adjustments, on January 2, March 5, July 31, December 4, 
1919; August 31, October 19, November 4, November 12, and Novem- 
ber 30, 1920. There was a change between September 1 and Septem- 
ber 5, 1919, which was apparently a gradual drift. There was also 
a gradual change between October 21 and December 4, 1919. From 
February 10 to March 5, 1919, the variometer was not entirely free 
and the record for that period had to be rejected. 
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Declination base-line values. 
[3° west plus tabular minutes.] 



Date. 


Observed. 


Adopted. 


Date. 


Observed. 


Adopted. 


Date. 


Observed. 


Adopted. 


1919. 


/ 


1919. 


, 




1920. 


/ 


, 


Jan. 6 


06.8 


08.9 


Sept. 15 


05.6 


05.6 


May 5 


10.1 


10.1 


Jan. 13.... 


7.0 


6.9 


Sept. 22.... 


5.7 


5.6 


May 11 


10.0 


10.1 


Jan. 20 


6.8 


6.9 


Sept. 30 


5.5 


5.6 


May 18 


10.2 


10.1 


Jan. 27 


7.1 


6.9 


Oct. 7.... 


5.7 


5.6 


May 25 


10.1 


10.1 


Feb. 3.... 


6.8 


6.9 


Oct. 13.... 


5.6 


5.6 


June 29 


10.1 


10.1 


Feb. 10... 


7.8 
8.8 
9.5 




Oct. 20... -1 
Oct. 27.... 

Nov. 3--.. 


5.5 
5.1 

4.2 


.5.6 
4.9 

4.2 


June 30 

July 2.... 
July 3.... 


10.0 

9.8 
10.1 


10.1 


Feb. 17 






Feb. 24 




10.0 






10.0 


Mar. 3 


9.3 




Nov. 10...- 


3.8 


3.5 


July 28 


10.2 


10.0 


Mar. 10.... 


7.8 


7.8 


Nov. 17.... 


2.9 


3.2 


July 30 


9.9 


10,0 


Mar. 17 


7.8 


7.6 


Nov. 24---- 


3.2 


3.4 








Mar. 24.... 


7.4 


7.4 








Aug. 5...- 


10.2 


9.9 








Dec. 2 


4.3 


4.2 


Aug. 12.... 


10.0 


9.9 


Apr. 1 


7.0 


7.2 


Dec. 8--.. 


10.0 


10.0 


Aug. 19 


9,3 


9.9 


Apr. 8 


6.6 


7.2 


Dec. 18.... 


10.0 


10.0 


Aug. 26.... 


9.6 


9.9 


Apr. 14 


7.1 


7.1 


Dec. 24 


9.9 


10.0 








Apr. 21.... 


7.3 


7.0 


Dec. 30.... 


10.2 


10.0 


Sept. 2.... 


25.2 


25. 6 


Apr. 28.-.. 


7.0 


7.0 


1920. 






Sept. 9 

Sept. 17.... 


25.8 
25.0 


25.6 
25.6 


May 5,... 


6.8 


6.9 


Jan. 7.... 


10.3 


10.1 


Sept. 24 


26.1 


25.6 


May 12.... 


7.1 


6.9 


Jan. 13 


10.2 


10.1 








May 19 


6.8 


6.9 


Jan. 20.... 


10.3 


10.1 


Oct. 4 


25.7 


25.6 


May 26 


6,6 


6.9 


Jan. 27 


10.1 


10.1 


Oct. 11 

Oct. 19 


25.6 
20.1 


25.6 
19.9 


June 2 


7.0 


6.9 


Feb. 3 


10.0 


10.2 


Oct. 25 


19.7 


19.9 


June 9 


7.2 


6.9 


Feb. 10---. 


10.2 


10.2 








June 17 


6.8 


6.9 


Feb. 18 


10.0 


10.2 


Nov. 2.... 


19.9 


19.9 


June 23 


6.8 


6.9 


Feb. 25..., 


10.0 


10.2 


Nov. 8..-. 
Nov. 15 


18.8 
19.8 


18.7 
19.9 


July 1.... 


6.9 


6.9 


Mar. 2,... 


10.2 


10.2 


Nov. 17.... 


19.7 


19.9 


July 7.... 


7.1 


6.9 


Mar. 9 


10.3 


10.2 


Nov. 22.... 


20.0 


19.9 


July 14.... 


7.2 


6.9 


Mar. 16 


10.4 


10.2 


Nov. 29.-.. 


19.9 


19.9 


July 21.... 


6.7 


6.9 


Mar. 23.... 


10.1 


10.2 








July 28.... 


6.6 


6.9 


Mar. 27.-.. 


10.4 


10.2 


Dec. 6 


20.4 


20.3 








Mar. 29 


10.2 


10.2 


Dec. 7.... 


20.4 


20.3 


Aug. 4 


7.8 


7.7 








Dec, 13.... 


20.2 


20.3 


Aug. 15 


7.7 


7.7 


Apr. 6 


10.1 


10.2 


Dec. 14 


20.6 


20.3 


Aug. 20 


7.8 


7.7 


Apr. 13 


10.2 


10.2 


Dec. 20-... 


20.5 


20.3 


Aug. 26.... 


7.6 


7.7 


Apr. 20.... 


10.2 


10.2 


Dec. 21.... 


20.3 


20.3 








Apr. 28 


10.3 


10.2 


Dec. 27-... 


20.2 


20.3 


Sept. 2 


6.2 


6.3 


Apr. 29..-. 


10.2 


10.2 


Dec. 28.... 


20.3 


20.3 


Sept. 9.... 


6.6 


5,6 















HORIZONTAL INTENSITY. 

Absolute observations were made once a week, a day^s observa- 
tions comprising two sets. Each set consisted of two sets of deflec- 
tions at two distances between two sets of oscillations. Changes of 
base-line value, due to changes of adjustment or other causes, oc- 
curred as follows : 

Abrupt changes of H base-line value. 



Date. 


Hour. 


Amount. 


Cause. 


Jan. 4 


1919. 


13-14 

12-13 
10-11 
23-24 
16-17 
11-12 
9-10 
14-15 


In 

- 63 
+ 6 
-100 
-140 
+ 41 

- 28 
+ 31 


Adjusted level. 

Adjusted by torsion. 
Adjusted. 
Do. 


Mar. 31 


1920. 


May 29 


Aug. 30 .- . 


Oct. 1 


Adjusted fixed mirror. 


Nov. 1 


Do. 


Nov. 4 


Adjusted Z. 
Do. 


Nov. 12 
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Beginning with 1913 the results of horizontal intensity observa- 
tions made by this bureau have been reduced to the international 
standard of the Department of Terrestrial Magnetism of the Carnegie 
Institution of Washington. Intensity results for years prior to 1913 
must be diminished by 1 part in 1,000 to reduce them to that standard. 
In the table of annual means on page 24 this correction has been ap- 
plied. Horizontal intensity results with magnetometer No, 31 
in 1919 and 1920 have been diminished by 20 7 to reduce them to that 
standard* 

H base-line values at £0° C, 



Date. 



1919 
Jan. 6 — 



Jan. 13... 
Jan. 20 . , 
Jan. 27. , 

Feb. 3. . 
Feb. 10- 
Feb. 17. 
Feb. 24. 



Mar. 3... 
Mar. 10., 
Mar. 17., 
Mar. 24., 



Apr. 1... 
Apr. 8.. 
Apr. 14. 
Apr. 21. 
Apr. 28. 



May 5-. 

May 12. 

May 14. 
May 19- 

May26- 



June 2. . . 
June 9. . . 
June 17. . 
June 24. . 

Julyl... 
July 7.., 
July 14. 
July 21. 
July 28- 



Ob- 
served 



Aug. 4 



T 

27928 
910 
930 
931 
911 
919 
916 
920 

922 
922 
926 
919 
905 
916 
917 
916 

921 
914 
909 
917 
925 
923 
912 
915 

918 
926 
919 
920 
902 
910 
924 
924 
912 
929 

921 
921 
915 
922 
924 
929 
933 
940 

910 
921 
915 
927 
913 
914 
916 
913 

916 
924 
921 
929 
918 
925 
932 
921 
906 
920 

920 



Adopted. 



27922 
922 
922 
922 
922 
922 
922 
922 

920 
920 
920 
920 
920 
920 
920 
920 

920 
920 
920 
920 
920 
920 
920 
920 

920 
920 
920 
920 
920 
920 
920 
920 
920 
920 

920 
920 
920 
920 
920 
920 
920 
920 

920 
920 
920 
920 
920 
920 
920 
920 

920 
920 
920 
920 
920 
920 
920 
920 
920 
920 

920 



Date. 

1919. 

Auj,^4.-. 
Aug. 15.. 

Aug, 20- . 

Aug. 26., 

Sept. 2.. 
Sept. 9- . 
Sept. 15. 
Sept. 22. 
Sept. 30. 



Oct.7.- 
Oct. 13. 
Oct. 20. 
Oct. 27. 



Nov. 3... 
Nov. 10.. 
Nov. 17.. 
Nov, 24.. 

Dec. 2... 
Dec. 8... 
Dec. 18-. 
Dec. 24.. 
Dec. 30-. 



1920. 
Jan. 7... 



Jan. 13. 
Jan. 20. 
Jan. 27. 



Feb. 3.., 
Feb. 10.. 
Feb. IS-, 
Feb. 25. 



Ob- 
served. 



Adopted. 



Mar. 2. . 
Mar. 2-. 



27930 
918 
912 
917 
926 
922 
920 

914 
914 
916 
925 
915 
920 
913 
911 
912 
897 

902 
914 
921 
909 
916 
918 
920 
913 

904 
914 



906 



911 

903 
902 
905 
911 
893 
900 
905 
914 
902 
912 



901 
910 



904 
918 
899 
919 
911 
910 
919 
908 

907 



27920 
920 
920 
919 
919 
919 
919 

918 
918 
917 
917 
916 
916 
915 
915 
914 
914 

912 
912 
911 
911 
910 
910 



907 
907 
907 
907 

906 
906 
906 
906 
906 
906 
906 
906 
906 
903 



906 
906 
906 



908 
906 



906 
906 
906 
906 
906 
906 
906 



908 



Date. 



1920. 

Mar. 9... 

Mar. 16-. 
Mar. 29.. 

Apr. 6..! 
Apr. 13.. 
Apr. 20-. 
Apr. 29.. 



May 5 . - . 
May 11-, 
May 18.. 

May 25.. 

June 2. . , 

June 8- . . 
June 29. . 
June 30- . 



July 2... 
July 3... 
July 28.. 
July 30.. 

Aug, 5... 
Aug. 12. 
Aug. 19.. 
Aug. 26.. 



Sept. 2.. 
Sept. 9.. 
Sept. 17. 
Sept. 24. 



Oct. 4.. 
Oct. 11. 
Oct. 19. 
Oct. 25. 



Nov. 2... 

Nov. 8... 
Nov. 15-. 
Nov. 17.. 
Nov. 22.. 
Nov. 29-. 

Dec. 6... 
Dec. 7... 
Dec. 13.. 
Dec. 14.. 
Dec. 20.. 
Dec. 21.. 
Dec. 27.. 
Dec. 28-. 



s^. 'Adopted. 



7 

27913 
923 
931 
906 i 
891 
906 



27906 
906 
906 
906 
906 
906 



846 


844 


841 


844 


823 


845 


839 


845 


842 


846 


851 


846 


852 


848 


829 


848 


862 


849 


854 


849= 


841 


851 


84() 


851 


861 


852 


849 


852 


854 


853 


854 


853 


865 


859 


853 


859 


855 


859 


869 


857 


865 


867 


853 


857 


855 


856 


858 


856 


853 


856 


855 


856 


855 


856 


855 


856 


854 


856 


856 


856 


860 


856 


754 


756 


758 


754 


.745 


751 


745 


749 


611 


606 


609 


606 


606 


606 


598 


606 


647 


647 


619 


619 


641 


650 


657 


650 


658 


650 


649 


650 


649 


650 


651 


650 


640 


650 


645 


650 


654 


650 


659 


650 


653 


650 


646 


650 
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vertical' intensity. 

Absolute observations of dip were made once a week, a day's 
observations usually consisting of two sets. The results have been 
reduced by 0'.9 to refer them to the standard earth inductor at 
Cheltenham. 

In addition to the abrupt changes of base-line value due to adjust- 
ments or other causes^ there was usually a more or less rapid drift in 
progress. 

Abrupt changes of Z base-line value. 



Date. 


Hour. 


Ariiount. 


1919. 




y 


Jan. 2 


15-16 


■+17 


Jan. 4 


lo-lG 


-11 


Mar. 6 


11-12 


+83 


Do 


17-20 


-22 


Apr. 2 


9-10 


+ 120 


Apr. 30--.. 


11-12 


+34 


May 16.... 


8- 9 


+6 


May 31..., 


10-11 


+44 


Aus:. 30. . . 


11-12 


+ 15 


Oct. 31.... 


11-12 


+34 


Dee.l 


9-10 


-29 


Dec, 31.... 


11-12 


+ 8 



Cause. 



Deflections. 

Do. 
Adjusted. 

Do. 
Adjusted fixed mirror. 
Deflections. 

Adjusted thermograph. 
Deflections. 

Do. 

Do. 

Do. 

Do. 



Date. 



1920. 

May 1 

May 29. . . . 



Jiiiyi 

Aug. 30... 
Aug. 31... 
Oct. 1-2... 
Nov. 1.... 

Nov. 4 

Nov.12-14. 
Nov. 16... 
Nov. 22... 
Nov. 30... 
Dec. 31.... 



Hour. 'Aii^ount.' 



10-12 
10-11 

11-12 

17- 

16-17 



9-10 
9-10 



14-15 
8- 9 
11-12 
11-12 



+ 15 } 
+ 15 1 
i 
+36 
+89 
+30 

-115 

+ 126 
+61 

-161 
+34 
+ 15 
+86 

+263 



Cause. 



Deflections. 
Adjusted t h e r m o - 

graph. 
Deflections. 
Adjusted. 
Unknown. 

Several adjustments. 
Adjusted. 
New pivots. 
Several adjustments. 
Deflections. 
Jarred. 
Adjusted. 
Deflections. 
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Z base-line values at 20° C. 



Date. 


Ob- 
served. 


Adopted. 


Date. 


Ob- 
served- 


Adopted. 


Date. 


Ob- 
served. 


Adopted. 


1919. 


7 


7 


1919. 


7 


7 


1920. 


7 


7 


Jan. 7 


34516 


34520 


Aug. 27.... 


34(556 


34651 


Apr. 21.... 


34601 


34584 




523 


520 




654 


651 




605 


684 


Jan. 14.,.. 


506 


513 








Apr. 30.... 


562 


584 




522 


513 


Sept. 8....- 


636 


648 




572 


584 


Jan. 21.... 


505 


508 




644 


648 










542 


506 


Sept. 13.... 


652 


648 


May 6 


578 


598 


Jan. 28.... 


547 


499 




644 


648 




589 


598 




485 


499 


Sept. 17-... 


647 

647 


648 

648 


May 12.... 


590 

587 


597 
597 


Feb. 4.... 


483 


492 


Sept. 24.... 


635 


648 


May 19-..- 


583 


596 




481 


492 




653 


648 




595 


596 


Feb. 11-... 


467 


485 








May 26.... 


594 


594 




480 


485 


Oct. 2.... 


674 


648 




599 


594 


Feb. 18..-. 


443 


478 




658 


648 










473 


478 


Oct. 8.-.. 


657 


648 


June 4 


609 


608 


Feb. 25.... 


447 


471 




645 


648 




612 


608 




476 


471 


Oct. 14.... 


684 
661 


648 
648 


June 9 


603 
607 


607 
607 


Mar. 4 


474 


468 


Oct. 21.... 


642 


648 


June 16 


601 


605 




502 


468 


Oct. 22.... 


646 


648 




612 


605 


Mar. 11.... 


502 


519 


Oct. 28.... 


650 


648 


June 24 


595 


604 


Mar. 15..-. 


514 


511 




650 


648 




598 


604 


Mar. 18 


507 


505 
















509 


505 


Nov. 4-... 


663 


675 


July 1.,., 


580 


602 


Mar. 25...- 


477 


485 




669 


675 




630 


638 




482 


485 


Nov. 11 


662 


661 


July 9.... 


606 


627 








Nov. 12-... 


656 


660 




623 


627 


Apr. 3.... 


585 


597 


Nov. 18.... 


6i2 


654 




620 


627 




605 


597 




635 


654 


July 10-.-. 


616 


626 


Apr. 9- . . - 


599 


595 


Nov. 26.-.. 


643 


652 


July 29.... 


622 


619 




595 


595 




661 


652 


July 30...- 


615 


619 


Apr. 15.... 


556 


593 










625 


619 




568 


593 


Dee. 3.-... 


628 


618 








Apr. 22.... 


599 


590 




607 


618 


Aug. 5 


621 


617 




612 


590 


Dee. 9-.-. 


600 


603 




622 


617 


Apr. 29.... 


590 


588 




606 


606 


Aug. 12-... 


624 


615 




590 


588 


Dec. 19.... 


589 


598 




623 


615 










602 


596 


Aug. 19.... 


613 


612 


May 6-... 


624 


621 


Dec. 26..-. 


586 


589 




612 


612 




628 


621 


Dec. 28.-.. 


590 


587 


Aug. 26..-. 


613 


611 


May 13.... 


553 
617 


618 
618 


1920. 








611 


611 


May 20-... 


619 


622 


Jan. 2 


607 


598 


Sept 2..-. 


741 


735 




637 


622 




608 


598 




743 


735 


May 27.... 


614 


618 


Jan. 8 


592 


592 » 


Sept. 9 


754 


752 




618 


^618 




593 


592 




757 


752 








Jan. IL... 


575 


591 


Sept. 17.... 


742 


767 


June 3.... 


679 


* 655 




583 


591 


Sept. 24.... 


779 


774 




642 


655 


Jan. 21-... 


591 


590 








June 10.-.. 


637 


641 




593 


590 


Oct. 4.... 


661 


667 




640 


641 


Jan. 28..-. 


592 


590 


Oct. 11.... 


675 


^i^ 674 


June 16.... 


638 


635 




587 


590 


Oct. 19.... 


681 


681 




630 


635 








Oct. 25.... 


680 


685 


June 24 


812 


631 


Feb. 4...- 


585 


589 ' 




^ 800 






635 


631 




590 


589 


Nov. 2..:^ 


810 








Feb. 12.... 


588 


589 


Nov. 8-... 


875 


868 


July 2.... 


620 


630 




584 


589 


Nov. 15.... 


714 


715 




639 


630 


Feb. 19... - 


583 


588 


Nov. 18.... 


766 


763 


July 8.-.. 


614 


631 




581 


588 


Nov. 22 


801 


801 




634 


631 


Feb. 24.,.. 


594 


588 


Nov. 29-... 


812 


815 


July 15...- 


622 


634 




600 


588 










639 


634 








Dec. 6.... 


648 


648 


July 22.... 


636 


638 


Mar. 3.... 


594 


587 


Dec. 7 


661 


653 




643 


638 




598 


587 


Dec. 13.... 


657 


668 


July 30.... 


640 


642 


Mar. 17.... 


587 


586 


Dec. 14.... 


672 


671 


.July 31.,.. 


650 


642 




597 


586 


Dec. 20.... 


686 


686 








Mar. 30.... 


597 


586 


Dec. 21.... 


689 


689 


Aug. 5 


649 


644 




598 


586 


Dec. 27.... 


710 


703 




644 


644 








Dec. 30...- 


712 


711 


Aug. 16.... 


647 


648 


Apr. 7.... 


579 


585 










649 


648 


Apr. 7.... 


595 


585 








Aug. 21.... 


650 
659 


649 
649 


Apr. 14,.., 


591 
603 


585 
585 
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DIURNAL VARIATION. 

The following tables present the diurnal variation of decHnation 
{D) , horizontal intensity (J?) , vertical intensity (Z) , north component 
(X), east component (Y), dip (/) and total intensity (F) for each 
month, based on the hourly means for the 10 least disturbed days. 
The tabular quantities refer approximately to the middle of the 
hour, sixtieth meridian mean time, since they are based on the average 
ordinate for the hour. A plus sign indicates an hourly value greater 
than the mean for the day. D and Y, since they are considered 
positive for east declination, are negative at Porto Rico. Conse- 
quently, in the tables showing the diurnal variation of D and Y, a 
plus sign indicates an hourly value numerically less but algebraically- 
greater than the mean for the day. The variations in X, Y, /, and F 
were computed from the variations in Z^, H, and Z by means of the 
formulas : 

AX=0.541Ai)+0.998AJ/ 

A r=8.067AZ)-0.067AiJ 

A/ =0.048AJ^ -0.060A// 

AF =0.782AZ +0.628A// 

The process of deriving the variations of X, Y, /, and F has been 
very much simplified by the use of a graphic method devised by one 
of the computers, Frank Neumann. The above equations taken in 
pairs are similar in form to the equations for transferring from a sys- 
tem of rectangular coordinates to a system of oblique coordinates, the 
origin remaining the same. Therefore in the case of the first pair of 
equations if AH and AD be considered as the coordinates of a point 
in the rectangular system, it is possible to derive an obhque system 
in which the coordinates will be AX and AY, The same is true of 
the second pair of equation?. 

A inathematical construction of such a system involves the deter- 
mination of the angles which the oblique axes make with the rectan- 
gular axes and the relation of the lengths of unit magnitudes on the 
four axes. In practice it is more convenient to construct the system 
graphically by plotting a sufficient number of points to determine the 
position of the oblique axes and the relative length of the units in the 
oblique system. If accurate cross-section paper (with lines about 
3 mm. apart) be used it is a simple matter to plot a point in the rectan- 
gular system, taking one division on the paper equal to 1 7 or OM, 
and its coordinates in the obhque system can then be read off directly 
with the aid of suitable scales. In practice the taking of these read- 
ings is very much simplified, as follows : 

On the graph draw lines parallel to the oblique axis at intervals 
corresponding to IO7; it will then only be necessary to have scales 
IO7 long. 

Cut a piece of cardboard with two straight edges making an angle 
equal to the angle between the oblique axes. 

Lay off on these two edges, from their intersection, distances cor- 
responding to IO7 in the oblique system, and divide them into 1 
equal parts. 

Attach this cardboard to a device involving the principle of a 
universa,l drafting instrument, so that when one end of the device 
is fixed in position by thumb tacks or weights the scales will always 
be parallel to the oblique axes of the graph, and can be moved to 
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any point on it. Sucli a device can easily be made with several strips 
of strong cardboard or aluminum and a few eyelets. 

As the scales are to be read in opposite directions on opposite sides 
of the axes, it is advisable to number them in black in the positive 
direction and in red in the negative direction. 

The dimensions of the graphs will depend upon the maximum 
values of \D, AH, and AZ. The number of years for which a graph 
may be used will depend upon the secular change of the magnetic 
elements and the daily range. Unless these are unusually large the 
same graph may be used for at least four years without appreciable 
error, using the mean values of the magnetic elements for the whole 
period to derive the coefficients of the. differential equations on which 
the graph is based. 

An idea of the saving of time and labor effected by this method 
may be obtained from a consideration of the fact that the preparation 
of monthly diurnal variation tables for a year involves the computa- 
tion of 1,728 quantities, each one of which would require two multi- 
plications and an addition if the graphical method was not used. 

Mean results are also given for groups of four months, as indicated 
by the roman numerals at the head of the columns: I, January, Feb- 
ruary, November, December; II, March, April, September, October; 
III, May, June, July, August. 

No correction for noncyclic change has been applied, but an effort 
has been made, when selecting the 10 days, to keep the effect small 
by avoiding days of marked noncyclic change such as usually occur 
immediately after a severe magnetic disturbance. Until the character 
of the noncyclic change has been more definitely determined and a 
uniform method of correcting for it has been adopted, it is believed 
that the uncorrected values can be used to better advantage by any 
one engaged on special investigations than more or less arbitrarily 
corrected ones. 

An idea of the amount of the noncyclic change on the 10 selected 
quiet days may be obtained from the following table, derived in the 
same manner as the one for the five international quiet days. The 
two differences are given separately in order to show the uncertainty 
of the values. 

Amount of noncyclic change, 

[Ten selected quiet days.] 



Month. 



January 

February 

March 

April 

May 

June 

July 

August 

September . . . 

October 

November 

December 



1919 



+0.02 
+.13 
+.08 
+ .13 

-.08 
+ .03 
+ .01 
+ .03 

-.09 
-.10 
+.16 
+.13 



1920 



0.00 
+.07 
+ .20 
+.10 

-.07 
+.09 
-.06 
-.02 

-.06 

-.18 

+.25 

.00 



II 



+4.1 

+ 1.2 
+ 10.0 
+2.9 

+4.3 
-1.3 

+ 1.8 
+6.3 

+6.9 

+ 7.1 
+4.4 
+2.6 



r 
+4.0 
+1.5 
+ 10.2 
+3.1 

+5.0 
-1.1 

+2.2 
+5.7 

+6.6 

+7.8 
+4.4 
+3.6 



-1.6 
-2.0 

+.3 
+ 1.4 

-2.5 

+2.2 

-.4 

-1.7 

-2.6 
-1.9 
-1.9 
-1.0 



-0.3 
-1.6 

+.9 
+1.5 

-1.8 
-.8 
-.1 

-1.5 

-2.3 
-2.1 
-1.7 
-1.0 



-0. 05 
-.06 
+ .11 

+ .02 

+.01 

+ .04 

.00 

+.02 

-.05 
-.11 
-.03 
-.06 



+0. 08 
-.01 

+.11 

+.03 

.00 
+ .08 
-.11 

-.08 

-.04 
-.16 
-.01 
-.07 



+4.4 

+.5 

+5.3 

+4.0 

+3.3 

+ 1.7 

+.5 

+3.7 

+4.9 
+3.8 
+4.3 
+3.5 



+4.0 

+.2 
+5.0 

+4.1 

+2.1 
+3.5 
+ 1.3 
+4.7 

+3',8 
+2.8 
+3.5 
+2.2 



1 



r 
-1.5 
-1.5 
-1.6 

-1.7 

-.7 
+.7 
-2.6 
-1.7 

-2.3 

-.7 
-1.0 
+ .1 



Jl.5 
-1.6 
-1.9 
-1.2 

-1.3 
+1.7 
-1.9 
-1.2 

-2,5 
-.7 
-.9 

+.4 
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There are given also tables showing the diurnal variation of 
I) J H, X, Y, and Z for the five international quiet days of each 
month, arranged according to Greenwich mean time, the tabular 
quantities referring to the middle of the hour, for the reason stated 
above. The results have been corrected for noncyclic change, as in 
previous years, on the assumption that the change is distributed 
uniformly through the 24 hours. 

Twenty-six hourly means were computed, as shown on the bottom 
line of each monthly tabulation, the computations being carried one 
decimal place farther than there shown. The mean of the two 
differences between overlapping hours was taken as the amount of 
noncyclic change in 24 hours. These amounts are shown in the 
following table. A plus sign indicates that the value at the end of 
the day was greater than the one at the beginning. 

Amount of correction for noncyclic change, 
[International quiet days.] 



Month. 


1919 


1920 


D 


H 


Z 


D 


H 


Z 


January 

February 


-0.10 


+0.10 


+f.2 

+8.8 

+ 11.4 
+ 10.2 

+4.8 
+20.6 

+9.0 
+5.2 
+6.8 
+10.8 


+6.0 
+7.0 
+6.0 

+7.2 

+8.. 2 
+10.4 

+5.4 
+20.4 

+5.2 
+5.2 
+6.2 
+7.0 


+0.8 

-3.4 

.0 

-.6 

-3.4 
-.2 

-3.0 
-2.6 

-5.0 

-.4 

+.8 
-1.8 


-5.4 
+.8 
-.4 

-3.6 
-1.0 
-1.6 

-2.8 

-4.8 
+.6 
+.4 

-3.8 


+0.02 

.00 

-.12 

+.14 

+.02 

-.20 

.00 

-.02 

+.24 
+.10 
-.02 
-.16 


+0.08 
-.06 
+.04 
+.14 

+.02 
-.04 
+.02 
-.14 

+.42 
-.12 
-.04 
-.20 


+3.6 
+2.0 
+11.0 
+6.6 

+3.4 
+2.6 
+10.0 
+5.2 

+2.4 

+.2 

+11.2 

+7.6 


+1.2 
+.4 
+9.6 
+7.0 

+2.4 

+.8 

+10.2 

+6.4 

+4.2 
+.4 
+9.2 
+8.6 


r 

+1.4 

-1.6 

+1.6 

+.4 

-5.0 
+2.4 
-1.4 
-3.0 

+1.8 
-2.8 
-2.8 
+.2 


+''1.2 
-1.6 


March .. 


.00 
+.32 

+.16 
+.26 
+.08 
+.06 

+.18 
+.18 
-.02 
-.08 


+.20 
+.30 

+.14 
+.18 
+.08 
+.16 

-.18 
+.10 
+.06 
+.02 


+1.0 


April 


+ .2 


Mav 


-4.2 


June 


+2.0 


July .- 


-1.4 


August 


-1.8 


September 

October 

November 

December 


+1.0 

-2.2 

-2.6 

-.2 
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Diurnal variation of D. 

[Ten selected days uncorrected for noncyclic change.] 

1919. 





i 


s 


1 


i 




d 




< 




O 


i 


ft 


Group means. 




Hour. 
































Year;, 




I. 


II. 


III. 


II. 


I. 


I. 


11. 


III. 




0-1 


1 
0.0 


f 
+0.2 


+0.3 


+0.2 


-0.2 


+0.1 


-0.1 


-0.3 


0.0 


-0.2 


-0,1 


0.0 


+0.02 


+0.08 


-0.12 


-0.01 


1-2 


-.2 


+.2 


+.1 


+.2 


+.1 


.0 


.0 


-.1 


.0 


-.3 


-.1 


-.2 


-.08 


.00 


.00 


-.02 


2-3 


-.4 


_-.! 


+.2 


+.4 


+.2 


+.1 


+.1 


.0 


+ .3 


-.4 


-.3 


-.6 


-.35 


+.12 


+ .10 


-.04 


3-4 


-.4 


-.3 


+.2 


+.7 


+.5 


+.1 


+.2 


+.4 


+.4 


-.3 


-:3 


-.6 


-.40 


+.25 


+.30 


+. 05 


4-5 


-.3 


.0 


+.4 


+1.1 


+ 1.0 


+ .4 


+.5 


+.8 


+.9 


-.1 


-.2 


-.4 


-.22 


+.58 


+.68 


+ .34 


5-6 


-.3 


+.4 


+.3 


+ 1.3 


+1.3 


+.9 


+.9 


+1.4 


+ 1.4 


+.2 


.0 


-.2 


-.02 


+.80 


+ 1.12 


+.63 


6-7 


.0 


+ .0 


+.6 


+1.9 


+2.4 


+2.3 


+ 1.8 


+2.7 


+2.5 


+.6 


+.1 


-.1 


+ .12 


+ 1.40 


+2.30 


+1.28 


7-8 


+.6 


+1.1 


+.9 


+2.5 


+3.0 


+3.6 


+2.9 


+4.2 


+3.6 


+ 1.6 


+ .5 


+ .1 


+.58 


+2.15 


+3.42 


+2.05 


8-9 


+2.2 


+2.8 


+ 1.5 


+2.4 


+2.7 


+3.8+3.3 


+3.6 


+3.9 


+2.7 


+2,0 


+1.5 


+2.12 


+2.62 


+3.35 


+2.70 


9-10 


+3.8 


+3.6 


+2.0 


+2.0 


+ 1.5 


+2.8+2.4 


+2.6 


+3.0 


+3.0 


+2.7 


+2.5 


+3.15 


+2.50 


+2.32 


+2.66 


10-11 


+4.1 


+2.5 


+2.0 


+ 1.4 


+0.3 


+ 1.71+1.4 


+ 1.0 


+ 1.4 


+ 2.3+2.4 


+2.9 


+2.98 


+ 1.78 


+ 1.10 


+1.95 


11-12 


+1.9 


— .5 


+1.4 


+ .0 


-.5 


+ .4 +.2 


-.6 


-.5 


+ 1.0, + 1.0 


+2,0 


+ 1.10 


+ .60 


-.12 


+.53 


12-13 


-.7 


-2.7 


+.4 


-.9 


-1.1 


-l.Oj -.8 


-1.6 


-2.0 


.0 -.2 


+.4 


-.80 


-.62 


-1.12 


-.85 


13-14 


-2.2 


-3.6 


-.6 


-2.6 


-1.8 


-2.0-1.6 


-2.2 


-2.8 


-1.3-1.0 


-1,3 


-2.02 


-1.82 


-1.90 


-1.92 


14-15 


-2.3 


-3.3 


-1.6 


-3.2 


-2.2 


-2. 4! -2.0 


-2.4 


-3.0 


-2.1i-1.4 


-2.2 


-2.35 


-2.48 


-2.25 


-2. 36 


15-16 


-2.1 


-2.0 


-2.0 


-3.0 


-2.2 


-2.4 


-2.3 


-2.2 


-2.5 


-2.4;-1.8 


-2.3 


-2.05 


-2.48 


-2.28 


-2.27 


16-17 


-1.6 


— . 5 


-2.0 


-2.0 


-1.3 


-2.1 


-2.1 


-1.8 


-2.0 


-2.0 


-1.8 


-1.8 


-1.42 


-2.00 


-1.82 


-1.75 


17-18 


-1.2 


.0 


-1.4 


-1.0 


—.5 


-1.4 


-1.5 


-1.2 


-1.2 


-1.4 


-.9 


-.8 


-.72 


-1.25 


-1.15 


-1.04 


18-19 


-.7 


.0 


-1.2 


-.6 


-.7 


-1.3 


-1.0 


-.9 


-1.2 


-.8 


—.5 


-.3 


-.38 


-.95 


-.98 


-.77 


19-20 


-.4 


+.3 


-.8 


-.5 


-.6 


-1.1 


-.8 


-.9 


-.8 


-.4 


-.1 


+.1 


-.02 


-.62 


-.85 


-.50 


20-21 


+.1 


+.5 


-.6 


-.5 


-.7 


-1.1 


—.7 


-1.0 


-.7 


— .1 


.0 


+.3 


+.22 


-.48 


-.88 


-.38 


21-22 


+.1 


+ .6 


-.2 


-.3 


-.5 


-.8 


-.5 


-.8 


-.4 


+.1 


+. 1 


+.5 


+ .32 


-.20 


-.65 


-.18 


22-23 


+.1 


+.3 


-.1 


-.1 


~. 5 


-.4 


-.2 


-.5 


-.2 


.0 


.0 


+.3 


+.18 


-.10 


-.40 


-.11 


23-24 


+ .1 


+.1 


.0 


.0 


-.2 


-.1 


.0 


-.4 


-.1 


+ .1 


-.2 


+ .1 


+.02 


.00 


-.18 


-.06 



1920. 



0-1... 
1-2. . . 
2-3... 

3-4... 

4-5... 
6-6... 

6-7... 
■ 7-8... 



9-10.. 
10-11 . 
11-12. 

12-13. 
13-14. 

1+-15. 
lS-16. 

16-17. 
17-18. 
18-19- 
19-20. 

20-21. 

21-22. 
22-23 . 
23-24- 





+0.2 


-0.3 


-0.2 


0.0 


0.0 


-0.2 


-0.4 


-0.2 


-0. 1 


-0.3 


-0.4 


1 
-0.2 


-0.18 


-0. 15 




-.1 


-.4 


-.2 


+.1 


+.1 


-.2 


-.4 


+.1 


-.4 


-.3 


— . 5 


-.4 


-.35 


-.20 




-.3 


-;4 


-.2 


+.2 


+ .2 


.0 


-.2 


+.2 


-.1 


-.3 


-.5 


-.4 


-.40 


-.10 




-.3 


-.5 


-.1 


+.2 


+ .5 


+.2 


.0 


+.2 


+.3 


-.3 


-.3 


-.5 


-.40 


+.02 




-.3 


—.4 


-.1 


+ .5 


+.6 


+.3 


+.4 


+.7 


+.6 


-.2 


-.1 


-.3 


-.28 


+ .20 




-.2 


-.3 


+.4 


+.7 


+.9 


+.9 


+ .8 


+1.0 


+.9 


.0 


,0 


-.2 


-.18 


+.50 




-.1 


-.4 


+.6 


+1.3 


+2.0 


+2.1 


+2.2 


+2.1 


+1.8 


+ .7 


+ .2 


+ .2 


-.02 


+ 1.10 




-.1 


-.4 


+1.5 


+2,3 


+3.3 


+3.6 


+4.1 


+3.9 


+2,9 


+2.0 


+.8 


+.8 


+.28 


+2.18 




+ 1.3 


+ 1.3 


+2.6 


+2.8 


+3.1 


+3.7 


+4.3 


+3.4 


+3.2 


+2.9 


+2,0 


+2,4 


+ 1.75 


+2.88 




+3.1 


+3,2 


+2.9 


+2.3 


+1.9 


+2,7 


+3.0 


+2,2 


+2.3 


+3.1 


+2.5 


+3.2 


+3.00 


+2,65 




+4.2 


+4.8 


+2.6 


+1.7 


+.6 


+1.3 


+ 1.5 


+.5 


+ 1.1 


+2.5 


+ 1.9 


+ 1.8 


+3.18 


+1.98 




+3.4 


+4.7 


+1.7 


+.6 


-.3 


+.1 


+.2 


-.6 


-.4 


+.9 


+ .5 


-.5 


+2.02 


+.70 




+.4 


+2.8 


+ .1 


-.6 


-1.1 


-.9 


-1.0 


-1.8 


-1.6 


-.6 


-.7 


-2.0 


+.12 


-.68 




-2.4 


-.1 


-1.3 


-1.8 


-1.8 


-2.0 


-1.8 


-2.1 


-2.3 


-1.4 


-1.3 


-2.2 


-1.50 


-1.70 




-3.4 


-2.4 


-2.0 


-2.3 


-2.4 


-2,6 


-2.4 


-2.1 


-2.2 


-1.7 


-1.4 


-1.8 


-2.25 


-2,05 




-3.1 


-3.1 


-2.1 


-2.3 


-2.3 


-2.3 


-2.4 


-1.8 


-1.7 


-2.0 


-1.3 


-1.0 


-2.12 


-2.02 




-2,2 


-2.7 


-1.7 


-1.8 


-1.8 


-1.6 


-2,0 


-1.3 


-1.3 


-1.9 


-1.0 


-.3 


-1.55 


-1.68 




-1.0 


-1.8 


-1.2 


-1.0 


-1.1 


-1.2 


-1.4 


-.9 


-1.0 


-1.2 


-.7 


-.1 


-.90 


-1.10 




-.3 


-1.2 


-.9 


-.8 


-.8 


-.9 


-1.0 


-.9 


-.7 


-.8 


-.3 


+ .2 


-.40 


-.80 




-.1 


-1.0 


-.7 


-.6 


-.5 


-.7 


-.8 


-.7 


-.4 


-.4 


.0 


+.4 


-.18 


-.52 




+.2 


-.6 


-.8 


-.7 


-.5 


-.7 


-.9 


-.7 


-.3 


-.2 


+ .2 


+.2 


.00 


-.60 




+.3 


-.3 


-.2 


-.5 


-.2 


-.7 


-.8 


-.6 


-.2 


-.2 


+.2 


+.4 


+ .15 


-.28 




+.3 


-.2 


-.2 


-.2 


-.1 


-.6 


-.6 


-.3 


-.1 


-.2 


+ .1 


+ .3 


+ .12 


-.18 




+ .3 


-.2 


-.2 


-.1 


.0 


-.3 


-.4 


-.2 


-.1 


.0 


-.1 


+.2 


+.05 


-.10 



-0.20 
-.10 
+.05 

+.22 

+.50 
+.90 
+2.10 

+3.72 



-0.18 

-.22 
-.15 
-.05 

+ .14 
+.41 
+ 1.06 
+2.06 



+3.62+2.75 
+2. 45 +2. 70 
+.98+2.04 
-.15 +.86 



-1.20 
-1.92 
-2.38 
-2.20 

-1 

-1.15 

-.90 



-.70 
-.58 
-.40 
-.22 



-.58 
-1.71 
-2.23 
-2. 12 ' 

-1.63 

-1.05 

-.70 

-.46 

-.40 
-.23 
-.15 



RESULTS OF OBSERVATIOlSrS AT VIEQUES, P, R., 1919 AND 1920. 

Diurnal variation of II, 

[Ten selected days uncorrected for noncyclic change.] 

1919. 
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Hour. 


1 


i 
^ 


1 


< 


1^ 


6 




<=1 


m 




> 
o 




Group means. 


Year. 




■• 


II. 


m. 


II. 


I 




I. 


IT. 

4.0 

-8.0 
-6.5 

-4.8 

-3.0 
-1.8 
-1.2 

+.5 

+3.8 

+8.2 

+11.8 

+13.5 

+11.5 

+8.5 
+4.5 
+.2 

-3.8 
-5.0 
-4.0 
-4.0 

-3.5 
-2.8 
-2.5 
-3.0 


III. 




0-1 

1-2 

2-3. 

3-4 

4-5 

5-6 

6-7. 

7-8 

8-9 

9-10 

10-n 

11-12 

12-13 

13-14 

14-15 

15-16 

16-17..... 

17-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-24 


-^6 
-6 
__3 
-1 



+2 
+3 
+7 

+8 
+5 
+3 

+3 



_4 
_3 
--2 

-1 

__1 



-1 





-1 

-2 


-^3 
-3 
-3 
_1 





+2 

+3 

+2 





+2 
+4 
H-3 

+3 

+1 
-1 
-2 
~1 


-2 
_2 
-2 


-13 
-11 
-9 

_7 
_4 
-3 
+1 

+7 
+12 
+15 

+17 

+15 
+12 
+9 
+3 

-3 
~4 
-4 
-3 

-2 
-2 
-5 
-6 


r 

-9 
-9 

-_7 

-5 

-4 

__2 

-2 



+6 
+ 13 

+17 
+18 

+14 
+11 
+8 
+3 

-3 

-9 

-8 

-7 

_-7 
-7 
-6 
-6 


r 

—7 
-8 
-8 
~8 

-8 
_^8 
-5 
_4 

+2 
+10 
+13 
+16 

+15 
+13 
+11 

+5 

-3 

_7 
-5 
-3 

-3 

-2 
_2 
„3 


i6 

_7 

-7 
-7 

-7 
-5 
-3 

+1 

+3 
+9 

+14 
+18 

+18 
+13 

+8 

+2 

-3 

_„5 
-6 
-5 

-6 

-7 
-6 
~6 


-^8 

-7 
-7 
-7 

-6 

-7 
-3 
+ 1 

+7 
+ 15 
+19 
+ 18 

+ 14 
+ 11 

+7 


-4 
-6 
-6 
-5 

-6 

-7 
-7 
_6 


i6 
-5 
-4 
-3 

-3 
-3 

-2 
-3 

+2 
+ 11 
+17 
+19 

+ 15 

+7 
-1 
_.6 

-8 
-8 
-6 
-4 

-3 
-3 
-1 
-1 


i4 
-3 
-2 
-1 


~1 
-1 
-2 

-2 
+1 
+6 
+8 

+6 

+4 



~2 

-4 
-3 
-1 
-3 

-2 

+1 

+3 
+2 


-^8 
-7 
-6 
-4 

-1 


+1 
+3 

+4 
+7 
+9 
+11 

+11 
+7 
+1 
-3 

™5 
-4 
-3 
-3 

-3 
~3 
-2 

-2 


r 

-6 

-4 

-2 



+ 1 
+2 
+5 
+11 

+10 
+6 
+3 
+2 

-3 

-6 

-7 

-5 

-4 
-1 

+1 
+ 1 

+ 1 



-2 

-1 


is 

-4 
_2 
+ 1 

+3 

+5 
+8 
+13 

+13 
+10 

+6 
+3 

-1 
-4 
-5 
-5 

-6 
-5 
-4 
_4 

-4 
-4 
-4 
-3 


r 
-5.0 
-4.2 
-2.5 
-.2 

+ 1.0 

+2.2 
+4.0 
+8.2 

+8.5 
+5.8 
+3.0 
+2.0 

-.5 
-2.5 
-3.0 
-2.2 

-2.5 
-2.0 
-1.2 
-1.2 

-.8 
-1.5 
-2.2 
-2.0 


4.8 
-6.8 
-6.5 
-6.2 

-6.0 
-5.8 
-3.2 
-1.2 

+3.5 
+ 11.2 

+ 15.8 
+ 17.8 

+ 15,5 
+ 11.0 
+6.2 

+ .2 

-4.5 
-6.5 

-5.8 
-4.2 

-4.5 
-4.8 
-4.0 
-4.0 


4.9 
-6.3 
-5.2 
-3.8 

-2.7 

-1,8 

-.2 

+2,5 

+5.2 

+8.4 

+10.2 

+11.1 

+8,& 

+5.7 

+2.0 

-.6 

-3.6 
-4.5 
-3.7 
-3.2 

-2.9 
-3. 
-2.9 
-3.0 



1920. 



-3 


-4 


-5 


-8 


-3 


-2 


-4 


-5 


-2 


-4 


-6 


-4 


-4.2 


-4.8 


-3.5 


-2 


-3 


-5 


-7 


-3 


-3 


-3 


-7 





-3 


-5 


-3 


-3.2 


-3.8 


-4.0 


-1 


-3 


-4 


-7 


-3 


_3 


-2 


„7 





-2 


-4 


-1 


-2.2 


-3.2 


-3.8 


+ 1 


-1 


-2 


-5 


-2 


-3 


-3 


-5 


+1 


+1 


-3 


+1 


-.5 


-1.2 


-3.2 


+3 


+2 


-1 


_3 


-1 


-2 


-3 


-5 


+2 


+2 


-3 


+3 


+ 1.2 


.0 


-2.8 


+5 


+4 


+ 1 


-3 





-3 


-4 


-5 


+3 


+3 


__1 


+3 


+2.8 


+1.0 


-3.0 


+6 


+6 


+3 


-2 


-1 


-3 


-3 


-5 


+2 


+3 


+3 


+3 


+4.5 


+1.5 


-3.0 


+10 


+ 11 


+4 


-3 


-3 


_1 


-5 


-5 


+2 


+4 


+ 10 


+6 


+9.2 


+1.8 


-3.5 


+10 


+14 


+3 





-1 


+1 


-5 


-1 


-1 


+3 


+12 


+6 


+10.5 


+1.2 


-1.5 


+5 


+ 11 


+2 


+6 


+5 


+7 


+3 


+9 


-3 


+2 


+9 


+4 


+7.2 


+ 1.8 


+6.0 





+4 


+3 


+9 


+8 


+13 


+12 


+18 


-3 


+2 


+7 


+ 1 


+3.0 


+2.8 


+12.8 


-3 





+6 


+11 


+10 


+14 


+18 


+20 


-3 


-+5 


+6 


-2 


+ .2 


+4.8 


+15,5 


-8 


-2 


+6 


+11 


+10 


+12 


+16 


+18 


-1 


+5 


+1 


-3 


-3.0 


+5.2 


+14.0 


-8 


-5 


+6 


+9 


+6 


+7 


+11 


+14 





+2 





-4 


-4.2 


+4,2 


+9.5 


-6 


—4 


+3 


+7 


+3 


+2 


+6 


+6 


-1 


-2 


-3 


-3 


-4.0 


+1.8 


+4.2 


_4 


-2 





+4 


+ 1 


-2 


+2 


-1 


-2 


-5 


-5 


-3 


-3.5 


-.8 


.0 


-2 


-3 


-5 





-3 


-6 


-3 


-8 


-3 


-6 


-5 


-I 


-2.8 


-3.5 


-5.0 


-2 


-3 


-6 


-1 


-5 


-8 


-5 


-8 


-2 


_4 


-2 


+1 


-1.5 


-3.2 


-6.5 


-2 


-3 


-4 


-1 


-3 


-6 


-7 


-6 


+1 


-2 





+ 1 


-1.0 


-1.5 


-5.5 





_4 


-4 


-2 


-3 


-4 


-5 


-5 


+1 








-1 


-1.2 


-1.2 


-4.2 


+ 1 


-3 


-2 


-1 


-2 


-4 


_4 


-4 


+ 1 


-1 


-2 


-1 


-1.2 


-.8 


-3.5 





-3 





-4 


-3 


-3 


-4 


-4 


+2 


-1 


-3 


-1 


-1.8 


-.8 


-3.5 





—5 





-6 


~3 


-2 


—4 


-4 


+4 


-1 


-3 


_1 


-2.2 


-,8 


-3.2 





-4 


+ 1 


-4 


-2 


-1 


-3 


-1 


+3 


-1 


-3 


~1 


-2.0 


-.2 


-1.8 



-4. 2. 
-3.7 
-3.1 
-1.7 

-.5 

+ .2- 

+1.0 

+2.5 

+3.4 
+5.0 
+6.2. 
+6. 8- 

+ 5.4: 

+3. 2, 

+ .7 
-1.4 



-3.8. 
-2.7 
-2.2. 

-1.8- 
-2.0 
-2.1 
-1.3. 



14 



U. S. COAST AND GEODETIC SXJEVEY. 



Diurnal variation of Z. 

[Ten selected days uncorrected for noncyclic change.] 

1919, 



Hour. 



0-1.. 
1-2.. 
2-3.. 
3-4.. 

4-5.. 
5-6.. 
6-7. . 

7-8.. 

8^9.., 
9-10. . 
10-11. 
11-12. 

12-13. 
13-14. 
14-15. 
15-16. 

16-17. 
17-18. 
18-19. 
19-20. 

20-21. 
21-22. 
22-23. 
23-24. 



r 

+6 
+6 
+8 
+7 

+7 
+7 
+5 
+3 

-1 

-7 
-11 
-13 

-11 
-9 

-7 

-4 

-1 


+1 
+2 

+2 
+3 
+3 
+4 



-10 



r 


r 


r 


r 


r 


+b 


+1 





+1 


+3. 


+6 


+1 





+1 


+2 


+6 


+2 


+1 





+1 


+5 


+3 


+1 





+ 1 


+5 


+3 


+2 





+2 


+4 


+3 


+2 


+1 


+2 


+3 


-fl 


+1 


„1 


+1 





-4 


-2 


_4 


__3 


-3 


-5 


-4 


-5 


_4 


-5 


-5 


-4 


-2 


-2 


-7 


-6 


_4 





-1 


-9 


-6 


-3 


+1 


-2 


-10 


-5 


-2 


+1 


-3 


-8 


-2 





+1 


_3 


-6 





+3 


4-2 


-3 


-4 





+3 


+1 


-2 


-1 


+1 


+3 





+1 


_1 


+1 


+1 


-1 





+1 


+3 


+1 


-1 





+2 


+3 


+1 





+1 


+4 


+4 


+1 





+2 


+4 


+3 


+1 


+1 


+2 


+4 


+2 





+2 


+2 


+5 


+2 


-2 


+2 


+3 



r 


r 


r 


+6 


+6 


+3 


+6 


+6 


+3 


+6 


+7 


+4 


+5 


+8 


+4 


+5 


+ 8 


+4 


+5 


+7 


+4 


+3 


+6 


+4 


-1 


+3 


+3 


-5 


-2 


-1 


_7 


-7 


-5 


-7 


-9 


-7 


-9 


-10 


—7 


-9 


-10 


-7 


-7 


-10 


-7 


~7 


-8 


-6 


-0 


~7 


-3 


-3 


-3 





-2 


-1 


+ 1 


+2 


+1 


+2 


+3 


+2 


+2 


+5 


+3 


+3 


+6 


+3 


+2 


+6 


+4 


+2 


+5 


+3 


+2 



+5 
+ 5 
+5 
+5 

+4 
+4 
+3 
+4 



_4 

-7 
-9 

-9 

-7 



-2 

-3 





+2 
+3 
+4 
+5 



Group means. 



r 
+5.5 
+5.2 
+6.2 
+5.8 

+5.2 
+5.0 

+3,8 
+3.0 

-1.2 
-6.0 

-8.8 
-9.2 

-8.2 
-7.0 
-6.2 
-4.5 

-2.2 
-1.8 
+.5 
+1.2 

+2.5 
+3.0 
+3.8 
+4. 5 



+4.5 
+4.8 
+5.2 
+5.2 

+5.2 

+4.8 

+3.2 

-.5 

-3.8 
-6.0 
-7.2 

-8.5 

-8.5 
-6.8 
-6.2 
-4.2 

-1.5 

-.8 
+ 1.8 
+2.5 

+4.0 
+4.0 
+4.0 
+3.8 



+2.2 
+2.0 

+1.8 
+1.8 

+1.8 
+2.0 
+.2 
-4.0 

-5.5 
-4.0 
-3.0 

-1.8 

-1.8 
-1.0 

+ .2 
+.2 

+1.2 
+.2 
+.5 

+1.0 

+1.2 
+1.5 
+1.5 
+1.5 



Year 



A I 

+4.0 

+4.4 
+4.2 

+4.1 
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5-6.. 
6-7.. 
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-1 
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-4 


-7.2 
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+1 
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.0 
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+.8 

+1.2 
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+1.2 
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+1.5 
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+1.0 
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-5.2 

-4.5 
-2.8 
-2.5 

-1.8 

-1.0 

.0 

+.8 

+.8 
+.2 
+.8 
+ 1.2 

+2.0 
+2.0 

+1.8 
+1.5 



+3.7 
+3.9 
+4.2 
+4.6 

+4.2 
+4.4 
+3.5 



-2.9 
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-7.1 
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+1.0 
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+2.0 
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BESULTS OF OBSERVATIONS AT VIEQUES, P. R., 1919 Al^D 1920. 15 

Diurnal variation of X, 

[Ten selected days uncorrected for noncyclic change.] 
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-4.5 
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-1 


-5 


-9 
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_6 
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—4 
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+ 1 


-4 


-1.2 
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-3 
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-3 


-3 
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-4 
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-4.0 


-4.5 


-3.2 
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-3 
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+6 
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~5 
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-4 

-4 
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-5 
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-3 
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-7 
-5 
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-3 
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-3 
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+3 
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-2 

-1 
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-3 
-3 
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-2 
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-1 

+1 
+6 
+8 
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+9 

+5 

+2 





-2 
-3 
-3 
-3 

-2 
-3 

-2 

+ 1 

+3 
+8 
+ 14 
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+12 
+6 
+1 
-3 

-7 
-9 
-6 
_-4 

-4 
-3 
-2 
-1 



-2 
-3 

-3 

+5 
+13 

+ 18 

+16 
+10 
+5 
+ 1 

_4 
-6 
-8 
-6 

_4 

-4 
-4 
-3 
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-7 
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-5 

-5 

__4 

-4 
-3 

+1 
+10 

+18 
+20 

+17 
+13 
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-5 

-4 

-3 

-3 

-1 

+3 

+10 

+ 13 
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+8 
+6 
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-1 
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-6 

-5 

-2 
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-3 
-3 
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-3.2 
-2.2 
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+1.2 

+2.8 
-1-4.5 
+9.2 

+11.5 
+9.0 

+4.8 
+ 1.5 

-2.8 
-5.0 
-5.2 

-4.8 

-3.2 
-1.8 
-1.2 
-1.5 

-1.2 
-1.8 
-2.2 
-2.0 



-4.8 
-3.8 
-3.2 
-1.2 



+1.0 
+1.8 
+2.8 

+3.0 

+3.2 
+3.5 

+4.8 

+5.0 

+3.2 

+ .8 

-1.8 

-4.5 
-4.0 
-1.5 
-1.2 



-3.5 
-4.0 

-3.8 
-3.2 

-2.8 
-2.8 
-2.0 
-1.5 
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+7.2 
+13.2 
+15.5 

+13.5 
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-1.0 
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-1.3 



54821—23- 



16 



U. S. COAST AND GEODETIC SURVEY. 



Diurnal variation of Y, 

[Ten selected days uncorrected for noncyclic change.] 

1919. 
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U. 3. COAST AND GEODETIC SURVEY. 



Diurnal variation of F, 

[Ten selected days uncorrected for noncyclic change.] 
1919. 
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Diurnal variation of D. 
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7-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-24 


-0.1 
.0 
.0 

-.1 
-.1 

-.3 
-.4 
-.6 

-.5 

-.4 
-.1 
+.3 

+2.0 

+3.8 
+4.6 
+2.7 

-.1 
-2.0 
-2.6 
-2.2 

-1.6 
-1.2 

-.7 
-.4 







-0.5 
-.2 
-.2 
-.1 

.0 

.0 

.0 

+.1 

+.4 
+.4 
+.5 
+.7 

+1.4 
+2.0 
+2.1 

+ 1.5 

+.6 
-.4 
-1.4 
-1.9 

-1.8 
-3.4 
-1.2 


f 
-0.5 
-.3 
-.2 
-.1 

.0 

+.1 
+.3 

+.5 

+.8 
+.9 
+1.5 
+2.1 

+2.1 
+2.0 
+2.0 
+ 1.1 

-.3 
-2.3 
-2.9 

-2.8 

-1.9 
-.9 
-.6 

—.5 


-0.6 
-.4 
-.4 
-.2 

.0 

+.1 
+.2 

+.5 

+1.0 
+ 1.3 

+2.2 
+2.8 

+2.2 
+.8 
-.2 
-.8 

-LI 
-1.7 
-1.9 
-1.8 

-.8 
-.2 
-.4 
-.6 


-1.0 
-.9 
-.5 

-.4 

-.3 
-.3 

„.4 

-.3 

+.1 

+.8 

+2.5 

+3.9 

+4.1 
+3.0 
f2.1 
+ .5 

-.9 
-1.9 
-2.3 
-2.2 

-1.9 
-1.3 
-1.2 
-1.0 


-0.6 

-.3 

-.1 

.0 

.0 

+.1 
+.1 
+.3 

+.5 
+1.0 
+2.1 
+3.3 

+3.7 
+2.5 
+1.2 
-.1 

-1.1 
-1.9 
-2.6 

-2.7 

-2.2 
-1.4 
-1.0 

-.8 


-.6 
-.5 
-.3 

-.1 

-.4 
+.1 

+.4 

+.8 

+2.4 

+4.3 

+4.3 

+3.7 
+2.0 
+ .2 

-1.4 
-2,7 
-3.3 
-2.9 

-2.1 
-1.2 

-.8 
-.6 


-0.9 
-.6 
-.4 
-.2 

-.1 

-.1 

+ .1 

.0 

+.8 
+ 1.1 
+2.2 
+3.3 

+3.8 
+3.2 

+il 

-1.4 
-2.2 
-2.5 
-2.3 

-1.9 
-1.2 
-1.3 
-1.0 


-0.3 
-.1 

-.1 
-.1 

-.2 

-.4 
-.4 
-.3 

-.1 

+.3 

+.7 
+1.8 

+2.8 
+3.1 
+2.2 
+1.2 

+.2 
-1.0 
-2.0 
-2.3 

-1.9 
-1.4 
-1.0 
-.6 


0,0 

+.1 

.0 

-.1 

.0 

.0 

-.2 

-.3 

-.2 
.0 

+.2 
+.6 

+2.0 
+2.3 
+1.6 
+.3 

-.5 
-.8 
-1.0 
-1.3 

-1.5 

-.7 
-.4 
-.1 


+0.3 

+.4 

+.2 

.0 

-.2 
-.3 
-.6 

-.7 

-.6 

-.4 
-.3 
-.2 

+ 1.4 
+2.7 
+3.4 
+2.5 

+ .7 
-1.2 
-2.2 
-2.2 

-1.7 

-.8 

-.3 

.0 


+0.07 
+.17 
+.07 
-.07 

-.10 
-.20 
-.40 
-.53 

-.43 
-.27 
-.07 
+.23; 

+1.80 
+2.93 
+3.20 

+1.83 

+.03 
-1.33 
-1.93 
-1.90 

-1.60 
-.90 

-.47 
-.17 


-0.55 
-30 
-.22 
-12 

-.08 

-.10 

.00 

+.08 

+.«8 
+1.23 
+1,98 

+2.52 
+2. 58 
+2.00 
+.98 

-.22 
-1. 48! 
-2.20 
-2.32 

-1.88 
-1.22 
-1.02 
-.70 


-0.72 

-.55 
-.38 
-.22 

-.20 
-.10 
-.12 
+.15 

+.50 
+.98 
+2.30 

+3.58 

+3.58 
+2,50 
+1.2S 
-05 

-i.i2 

-2.05 
-2.52 
-2.40 

-i. 75 
-1.02 

-.85 
-.75 


-0.40 
-.23 
-.18 
-.14 

-.13 
-.13 
-.18 
-.10 

+.18 
+.46 
+1.15 
+1.93 

+2.63 
+2.67 
+2.16 

+.92 

-.44 
-1.62 
-2.22 
-2.21 

-1.74 
-1.05 

-.78 
-.54 



1920. 



0-1 

1-2 

2-3 

3-4 


0.0 

+.2 
+.2 
+ .3 


-0.6 
-.2 
-.1 
-.2 


-0.7 
.0 
.0 
.0 


-0.7 

-.4 

-.1 

.0 


-0.6 
-.4 
-.2 
-.1 


-1.0 

-.8 
-.7 
-.5 


-0.8 
-.7 
-.6 
-.5 


-0.7 

-.6 

-.4 

.0 


-0.3 

-.3 

-.2 
-.2 


-0.3 

-.2 
--.2 
-.2 


+0.3 

+.5 
+.3 
+1 


+0.3 

+.4 
+.3; 
+1: 


0.00 

+.22 

. +.18 

+.08 


-0.50 
-.■22 
-.12 
-.10 


-0- 78 
-.62 

-.48 

-.'28 


-0.43 
-.21 
-.14 

; -.10 


4-5.. 

5-6 

6-7 

7-8 


+ .2 
-.1 
-.3 
-.3 


-.2 
-.2 
-.3 
-.4 


-.1 
-.1 
-.1 

+.1 


-.1 

.0 

+.1 

+ .2 


-.1 

+.1 
+.2 

+ .5 


-.3 
-.3 
-.1 
-.1 


-.4 
-.4 
-.3 
-.1 


-.2 

-.2 
+ .1 
+.3 


-.4 

-.8 

-.4 

.0 


-.4 
-.4 

-.1 


-.2 
-.4 
-.5 
-.3 


-.1 
-.3 

-.3 


^.08 
-.25 
-.35 
-.32 


-.25 
-.32 
-.20 
-.05 


-.25 
-.20 
-.02 
+.15 


-.19 
-.26 
-.19 
-.08 


8-9 

9-10 

10-11 

11-12 


-.4 

-.3 

.0 

.0 


-.2 
-.1 
-.2 
-.2 


+ .1 
+.5 
+.9 
+ 1.8 


+ .4 
+ .7 
+J.4 
+2.5 


+ .5 
+.7 
+1.8 
+3.2 


+.1 
+.8 
+2.2 
+3.9 


+.2 
+.7 
+2.2 
+4.2 


+.7 
+ 1.0 
+2.3 
+4.2 


+.3 
.6 

+1.5 
+2.9 


-i 

+.7 
+1.8 


+.2 
+.5 


-.3 
.0 

+.4 

+ .8 


-.25 
-.08 
+.10 

+.28 


+.08 
+.45 
+1.12 
+2.25 


+.38 
+.80 
+2.12 
+3.S8 


+ .07 
+ .39 
+1.12 
+2. 13 


12-13 

13-14 

14-15 

15-16 


+ 1.2 
+3.0 
+4.2 
+3.6 


+1.6 
+3.2 
+4.5 
+4.1 


+2.4 
+2.5 
+1.7 
+.9 


+2.8 
+2.2 
+1.5 
+.6 


+3.2 
+ 2.0 
+.9 

+ .1 


+4.5 
+3.5 
+2.0 
+ .5 


+4.6 
+3.4 
+ 1.4 
-.3 


+3.6 

+2.4 

+ .7 
-.7 


+3.2 
+2.4 
+1.3 
-.2 


+2.7 
+2.9 
+2.4 
+.9 


+1.4 
+3.9 
+1.3 

+.2 


+2.2 
+2.9 
+1.7 
-.4 


+1.60 
+2. 75 
+2. 92 

+ 1.88 


+2.78 
+2.50 
+1. 72 
+.55 


+3.98 

+2.82 
+L25 
-.10 


+2.78 
+2.69 
+1.97 

+ .78 


16-17 

17-18 

18-19 

19-20 


+ .3 
-2.5 
-3.3 

-2.8 


+2.1 
-.4 
-2.6 
-3.2 


-.5 
-1.6 
-2.1 
-2.0 


-.8 
-1.6 
-2.0 
-2.2 


-.7 
-1.8 
-2.5 
-2.3 


-.5 
-2.0 

-2.7 
-2.6 


-1.6 
-2.4 
-2.6 
-2.2 


-1.9 

-2.4 
-2.4 
-2.0 


-1.3 
-2.0 
-1.9 
-1.3 


-.4 
-1.0 
-1.0 
-1.4 


-.8 
-1.1 
-1.1 

-.9 


-2.1 
-2.6 
-2.1 
-1.0 


-.12 
-1.65 

-2.28 
-1.98 


-.75 
-1.55 
-1.75 

-1.72 


-1. 1.8 
-2. 15 
-2. 5,5 

-2.28 


-.68 
-1.78 
-2.19 
-1.99 


20-21 

21-22 

22-23 

23-24 


-1.9 
-.9 
-.3 
-.3 


-2.5 
-1.7 
-1.2 
-1.0 


-1.5 
-.9 

-.7 
-.6 


-1.8 
-1.2 

-.1 


-1.8 
-1.2 
-.9 
-.6 


-2.0 
-1.5 
-1.3 
-1.1 


-1.5 

-.8 

-.7 
-.8 


-1.3 
-.9 

-.8 
-.8 


-.9 

-.8 
-.7 
-.5 


-1.6 
-1.4 
-1.0 
-.5 


-.7 

-.4 

-.2 

.0 


-.1 
.0 

+.2 
+.3 


-1.30 

-.75 
-.38 

-.■25 


-1.45 
-1.07 

-.82 

-.55 


-1.65 
-i.lO 
-.92 

-.82 


-1.47 
-.98 
-.71 

-.54 
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Diurnal variation of H. 

[International quiet days. Greenwich mean time.] 

1919. 



Hour. 


i 


,£5 




1 


1 


S 

1 






1 


1 


> 





Group means. 


Year 




■• 


It. 


in. 


ir. 


I. 


'• 


n. 


in. 




0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13 

13-14 

14-15..... 
15-16 

16-17 

17-18 

18-19 

19-20 

20-21 

21-22..,.. 

22-23 

23-24..... 


r 
+1 


-2 
-3 

-4 
_4 

-2 


+2 
+3 
+3 

+7 

+8 

+4 

+1 



-3 
-6 
-4 

™2 

+1 

+1 



-1 


-3 
-3 
-3 

-3 

_4 

-4 
-3 

-3 

_2 
~3 

+2 

+6 
+8 
+8 
+6 

+4 

+2 

+1 



-2 

_2 

-1 




r 

-4 
-5 
-9 
-9 

-9 

-7 

_7 

-5 

-5 

_4 

-2 

+1 

+7 
+13 
+15 

+17 

+ 14 

+11 

+6 



-5 

-4 

-4 

-5 


-^8 
-8 

~7 

-7 

_7 
-7 

„5 

-4 
-4 
-4 
-1 

+6 
+14 
+19 

+18 

+15 
+13 
+9 

+2 

-4 
-9 
-8 
-9 


r 

-4 
-4 
-4 
-5 

-5 
~6 

-6 
-6 

-7 
-6 
-4 
-3 

+3 
+12 

+ 18 
+20 

+16 
+11 
+5 
-1 

-6 
-8' 
-5 
-5 


r 

-4 
-4 
__4 
-5 

_4 
_4 
_4 
-3 

-3 

-2 

-1 





+5 
+9 
+13 

+12 
+10 
+6 
-1 

-4 
__4 
-4 

_4 


r 

_7 
-9 
__8 
-6 

-6 
-5 
-6 
-6 

-6 
-6 
-4 
+ 1 

+8 
+18 
+23 
+22 

+17 

+12 
+7 
-2 

-9 
-11 
-10 

-7 


r 
-2 




+1 
+1 
+3 

+2 





+1 



+1 

+4 
+5 
+5 

+3 

+ 1 
_1 

-3 

-5 

-7 
—5 
-3 


-'■4 

-4 
-2 
-2 

-2 
-2 
_2 
-2 

-2 
-2 
-3 
-4 



+4 
+8 
+9 

+10 

+7 
+3 
+1 

-2 
-3 
-2 

-4 


r 
-6 

1 -5 

I -6 

-6 

-5 

-4 
-5 
-2 

+1 



+3 

+4 

+7 

+9 

+ 13 

+ 14 
+8 
+1 
-2 

_5 
~5 
-5 

-5 


-^1 

-1 

-2 
-2 

-2 

-1 



+1 

+2 
+4 
+6 
+9 

+8 
+6 
+4 
+3 

-1 
-6 

_8 
~7 

-6 
-4 
_1 

-1 


I2 
-3 

-4 
—5 

-4 
-3 
_1 

+1 

+2 

+4 

+6 

+12 

+ 13 
+9 

+5 
+4 

-2 
-5 

-_7 

-7 

-6 
_4 

-2 
-2 


r 
-0.8 
-1.8 
-2.8 
-3.2 

-3.2 
-3.0 
-1.8 
-.2 

+ .8 
+2.2 
+3.0 

+7.5 

+8.8 
+6.8 
+4.5- 
+3.2 

-.5 
-3.8 
-4.5 
-4.0 

-3.2 
-2.2 
-1.0 
-1.0 


-5.5 
-6.0 
-6.0 

-5.8 
-5.0 
-5.0 
-3.5 

-2.5 
-2.5 
-2.2 
— 2 

+4.2 
+9.5 
+ 12.8 
+14.2 

+13.2 
+9.8 

+4.8 
+ ■2 

-4.0 
-5.2 
-4.8 
-5.8 


-1.2 
-4.2 
-4.0 
-4.0 

-3.5 
-3.5 
-3.2 
-3.2 

-4.0 
-3.5 
-2-0 
-.5 

+3.0 
+9.8 
+13.8 
+ 15.0 

+12.0 
+8.5 
+4.2 
-1.8 

-6.0 

-7.5 
-6.0 

-4.8 
1 


4.5 

-3.8 
-4.2 
-4.4 

-4.2 
-3.8 
-3.3 
-2.3 

-1.9 
-1.2 

-.4 

+2.2 

+5.3 
+8.7 
+10.3 
+10.8 

+8.2 
+4.8 
+1.5 
-1.8 

-4.4 
-5.0 
-3.9 
-3.8 



1920. 



0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10...... 

10-11 . . . . . 

11-12 

12-13 

13-14 

14-15 

15-16 

16-17 

17-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-24 




-1 


-1 

+1 

+1 
+1 
+2 

+5 
+6 
+6 
+10 

+11 

+6 



-5 

-9 

-12 

-10 

-5 

-2 
-1 
-2 
-1 



_4 
-3 
-5 
-5 

-5 
__4 
-3 
-1 

+1 

+4 

+6 

+10 

+12 
+9 
+3 
+1 

+1 

-2 

-2 



-2 
-2 
_4 

-5 



-2 
-3 
-5 

_4 
+2 
+9 
+13 

+15 

+12 
+7 
+3 

-2 
-2 
_1 
-1 



-3 

-4 
-5 

_4 

-3 
-3 
-^2 
-1 

™1 



+1 

+2 

+5 
+10 
+12 
+10 

+6 
+2 



+2 
+13 
+21 

+21 

+16 

+9 



-7 
-10 



-5 
-6 

-1 

+9 
+19 

+22 

+21 
+16 

+8 
+1 

_7 



-7 
-6 
-5 
-5 

-3 
_3 
-1 
-1 

_2 


+4 
+12 

+15 
+13 
+10 
+9 

+6 



-5 

-7 



-4.0 
-3.7 
-4.0 
-3.7 

-2.5 

-2.2 

-1.2 

.0 

+1.5 
+3.2 

+5.2 
+10.0 

+11.7 
+9.2 

+5.5 
+2.5 

-.2 
-4.0 
-5-0 
-4.0 

-4.0 
-3.0 
-3.2 
-4.0 



-2.2 
-2.5 
-3.0 

-2.7 

-2.5 
-1.5 
-2.2 
-1.0 

.0 

+ •8 
+1.5 
+1.8 

+1.8 
+3.0 
+5.0 

+6.8 

+6.8 
+4.8 
+ .8 
-2.2 

-4.5 
-3.8 
-2.2 
-2.2 



-4.0 
-4.0 
-3.2 

-2.8 
-2.5 
-2.0 
-2.0 

-2.2 
-3.0 
-2.2 

-2.8 

-.2 
+6.5 

+12.8 
+15.2 

+13.8 
+9.8 
+4.0 
-1.2 

-6.0 

-7.8 
-6.8 
-5.2 



-3.3 
-3.4 
-3.7 
-3.2 

-2.6 
-2.1 
-1.8 
-1.0 

-.2 

+ .3 

+1.5 

+3.0 

+4.4 
+6.2 
+7.8 
+8.2 

+6.8 
+3.5 
-.1 
-2.5 

-4.8 
-4,8 
-4.1 
-3.8 



RESULTS OF 0BSERVATI0:N'S AT VIEQUES, P. R., 1919 A:tTD 1920. 21 

Diurnal variation of X. 

[International quiet days, Greenwich mean time.] 

1919. 
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Group means. 
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Year. 




I. 
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III. 


TI. 


1 
I. I 1. 


II. 


III. 




0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13..... 
13-14 

14r-15 

15-16 

16-17 

17-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-24 


r 

+1 



-2 

-3 

-4 

-4 

-2 



+2 
+3 

+3 

+7 

+9 

+6 
+4 
+1 

If 

-5 
-3 







■ 1 


r 



r 

-4 
-5 
-9 
-9 

-9 

-7 
-7 
-5 

-5 
~4 
-2 
+1 

+8 
+14 
+16 
+ 18 

+ 14 
+ 11 
+5 
-1 

-6 

' -5 

-5 

-5 


-^8 
-8 
„7 
-7 

_7 
-7 
-6 
-5 

__4 

-3 

-3 



+7 
+ 15 
+20 
+18 

+15 
+ 12 
+7 
+1 

-5 
-9 

-8 
-9 


r 

-4 
„4 

-4 
-5 

-5 
-6 
-6 
-6 

_7 
-5 
-3 
„1 

+4 
+ 12 
+ 18 
+20 

+ 15 
+ 10 
+4 
-2 

-6 
-8 
-5 
-5 


r 

_-4 

-4 
-4 

-5 

™4 
-4 
-4 
-3 

=1 



+2 

+2 

+7 

+10 

+ 13 

+ 12 
+9 
+5 
-2 

-5 

-5 
-5 

_4 


r 

_7 

-9 

-8 
-6 

-6 
-5 
^6 
-6 

-6 
-5 

-3 
+3 

+10 
+19 

+24 
+22 

+ 16 
+11 
+6 
-3 

-10 
-12 
-10 

-7 


I2 




+1 
+1 

+3 

+2 




+2 
+2 

+3 
+6 
+6 

+5 

+2 



-3 

-4 

-6 

-8 
-5 
-3 


-^4 
-4 
-2 
-2 

-2 
-2 

-2 
-2 

-2 
-1 
_2 
-2 

+2 
+6 
+9 
+9 

+9 

+6 

+2 



-3 

_.4 

-3 

-4 


-5 
-6 
-6 

-5 

_4 
-5 
-2 

+1 



+4 

+5 
+9 
+10 
+14 

+14 

+7 



-3 

-6 
-6 

-5 
-5 


r 

i^ 

-2 

-2 
__1 



+ 1 

+2 
+4 
+6 
+9 

+9 
+7 
+5 
+3 

-1 

-8 
-8 

_7 
__4 
-1 
-1 


-^2 
-3 

_4 

-5 

_4 
-3 
-1 
+ 1 

+2 
+4 
+6 
+13 

+14 
+10 
+7 
+5 

-2 
-6 
-8 
-8 

„7 
-4 
-2 

-2 


i r 

i -0.7 

i -1.3 

-2.7 

-3.3 

-3.3 
-2.7 
-1.0 

+.7 

+2.0 
+3.7 
+5.0 
+9.7 

+10.7 
+7.7 
+5.3 
+3.0 

-2.0 
-6.3 
-7.0 
-6.3 

-4.7 
-2.7 
-1.0 
-1.3 


r 

-5.5 
-5.5 
-6.0 
-6.0 

-5.8 
-5.0 
-5.0 
-3.5 

-2.5 
-2.0 
-1.8 
+.8 

+5.5 
+11.0 

+13.8 
+14.8 

+ 13.0 
+9.0 
+3.5 

-.8 

-5.0 
-6.0 
-5.2 
-5.8 


r 
-4.2 

-4.2 
-4.0 
-4.0 

-3.5 
-3.5 
-3.2 
-3.2 

-4.0 
-3.0 
-1.0 
+ 1.5 

+4.8 
+11.0 
+14.5 
+ 15.0 

+ 11.2 

+7.5 
+3.0 

-2.8 

-6.8 
-8.2 
-6.2 
-4.8 


r 
-3.5 
-3.7 
-4.4 
-4.4 

-4.2 
-3.7 
-3.1 
-2.0 

-1.5 
-.4 
+.7 

+4.0 

+7.0 
+9.9 
+ 11.2 
+10.9 

+7.4 
+3.4 
-.2 
-3.3 

-5.5 
-5.6 
-4.2 
-3.9 



1920. 



0-1.. 
1-2.. 
2-3.. 
3-4.. 



4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13 

13-14 

14-15 

15-16 

16-17 

17-18 

18-19 

19-20 

20-21 

21-22 

22-23 

23-24 






-4 


-4 


-2 


-3 


-2 


-5 


-1 


-3 


-2 


_4 


-4 


-2 


-5 





-5 


-1 


-6 


-5 


-1 


-4 


_1 


-5 


_1 


-5 


-4 


-1 


-3 


+1 


-5 


-2 


_4 


-3 





-3 


+1 


-4 


-2 


-5 


-3 





-2 


+1 


-3 


-2 


-6 


-2 


+ 1 


-2 


+2 


-1 


-1 


-4 


„1 





-2 


+5 


+ 1 


-1 


-3 


-1 





-3 


+6 


+4 





~2 





-2 


_4 


+6 


+6 


+3 


-2 


+2 





-3 


+10 


+10 


+5 


-4 


+4 


+2 


-5 


+12 


+13 


+6 


-2 


+7 


+3 


-4 


+8 


+ 11 


+7 


+3 


+ 11 


+7 


+4 


+2 


+5 


+9 


+10 


+ 12 


+8 


+ 14 


-3 


+3 


+9 


+13 


+10 


+8 


+21 


-9 


+2 


+8 


+15 


+6 


+7 


+20 


-13 


-2 


+5 


+11 


+ 1 


+4 


+ 15 


-12 


-3 





+6 


-4 


+1 


+8 


-7 


-2 


-5 


+2 


_4 


_4 


-1 


-3 


-3 


-9 


-3 


-4 


-8 


-8 


-2 


-3 


-9 


-3 


-5 


-9 


-10 


_2 


-5 


__7 


-1 


_4 


-7 


-9 


-1 


-6 


-6 


-1 


-5 


_4 


-6 



-•6 

-5 

-6 

~6 -5 



— i) 
-5 
-5 
-5 

-5 
-5 
-4 
-4 

+ 1 
+ 10 

+19 

+22 

+20 

+ 15 

+7 








-3 


-7 


-5 


-4.0 


-2.2 


-4,0 





-4 


-6 


-5 


-3.8 


-2.5 


-4.0 


-1 


-4 


-5 


-6 


-4.0 


-3.0 


-4.0 


-1 


-4 


-5 


_4 


-3.8 


-2.8 


-3.2 


-1 


-3 


-3 


-3 


-2.5 


-2.5 


-2.8 


+3 


-2 


-3 


-3 


-2.2 


-1.5 


-2.5 


+2 


-3 


-1 


-2 


-1.2 


-2.2 


-2.0 


+2 


-1 


-1 





.0 


-1.0 


-2.0 


+4 





-2 


+2 


+1.5 


.0 


-2.2 


+4 


+ 1 





+3 


+3.2 


+.8 


-2.8 


+5 


+2 


+4 


+5 


+5.2 


+2.0 


-1.2 


+6 


+5 


+ 12 


+8 


+ 10.0 


+3.0 


-.8 


+4 


+5 


+16 


+10 


+12.8 


+3.2 


+ 1.8 


+ 1 


+6 


+14 


+11 


+11.0 


+4.2 


+8.0 





+5 


+11 


+ 10 


+7.0 


+6.0 


+ 13.2 


-1 


+7 


+9 


+5 


+3.5 


+7.0 


+ 15.2 


-2 


+5 


+6 





-.2 


+6.5 


+ 13.2 


-3 


+2 


-1 


-3 


-4.8 


+3.8 


+8.8 


-6 


-1 


-6 


_4 


-6.2 


-.2 


+3.0 


-7 


-3 


-8 


-5 


-5.5 


-3.2 


-2.2 


-5 


_4 


_7 


-5 


-4.5 


-5.2 


-7.0 


__3 


-2 


-6 


-3 


-3.5 


-4.2 


-8.2 





-2 


-5 


-2 


-3.5 


-2.5 


-7.0 





-2 


-6 


_4 


-4.2 


-2.2 


-5.5 



-3.4 
-3.4 
-3.7 
-3.2 

-2.6 
-2.1 
-1.8 
-1.0 

-.2 

+.4 

+2.0 

+4.1 

+5.9 

+7.8 
+8.8 
+8.6 

+6.5 
+2.6 
-1.2 
-3.7 

-5.6 
-5,3 
-4.3 
-4.0 



22 



U. S. COAST AND GEODETIC SURVEY, 



Diurnal variation of Y. 

[Internationa] quiet days, Greenwich mean time.] 

1919. 
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+4 


-1 


+2 


+1 


+2 


+2.8 


+ 1.2 


+3.2 


+3 


+1 


+ 4 


+4 


+3 


+3 





+3 





+2 


+2.8 


+ 1.8 


+3.5 


+3 


+2 


■+4 


+3 


+3 


+3 


-1 


+3 





+3 


+3.2 


+ 1.8 


+3.2 


+3 


+3 


+4 


+3 


+2 


+3 


-1 


+4 


+1 


+4 


+4.0 


+2.2 


+3.0 


+ 5 


+5 


+3 


+2 


+ 1 


+ 1 


+5 


+4 


+4 


+5 


+5.0 


+4.8 


+1.8 


+ 5 


+b 


+2 


+2 


+ 1 


+ 1 


+8 


+4 


+4 


+ 5 


+5.5 


+5.8 


+ 1.5 


+ i 


+ b 


+ 1 


+2 





+2 


+4 


+5 


+6 


+4 


+6.0 


+ 5.2 


+ 1.2 


+V 


+b 


+ 1 


+ 1 


-1 


+2 


+ 5 


+4 


+6 


+5 


+6.5 


-f5.5 


+.8 


+7 


+5 





+ 1 


+ 


+2 


+5 


+3 


+6 


+4 


+6.2 


+5.0 


+ 1.0 


+5 


+'^ 


+ 1 


+ 1 


+ 1 


+2 


+3 


+4 


+6 


+4 


+6.0 


+4.0 


+1.2 


+4 


+2 





+ 1 








+2 


+3 


+6 


+3 


+5.2 


+2.8 


+.2 


—2 


—3 


—1 


-2 


-4 


-V 


-1 


+2 


+4 


+2 


+4.2 


-1.0 


-3.5 


-6 


_7 


-3 


-3 


-7 


-10 


^4 


-2 


-2 





+.8 


-4.8 


-5.8 


-9 


-9 


-2 


-3 


-6 


-8 


-5 


„4 


-6 


-5 


-5.0 


-6.8 


-4.8 


-11 


-10 


-2 


-1 


-3 


-5 


-6 


-6 


-11 


-6 


-10.5 


-8.2 


-2.8 


— 11 


-8 


-4 


-4 


-3 


-2 


-4 


-6 


-11 


_7 


-13.2 


-7.2 


-3.2 


-9 


-6 


-2 


—5 


-1 


+ 1 


-3 


-3 


-9 


-6 


-12.0 


-5.2 


-1.8 


-6 


-2 


+ 1 


-4 


+ 1 


+ 1 


-1 


-3 


-8 


-5 


-9.5 


-3.0 


-.2 


-4 


-2 


-2 


-1 


+ 1 


+1 


-1 


-4 


-5 


-6 


-7.2 


-2.8 


-.2 


-1 


-1 







+ 1 


+ 1 


-.2 


-5 


-2 


-6 


-4.2 


-2.2 





+2 


+2 


-3 





+2 


-1 





-5 


+1 


__4 


-1.5- 


-.2 


—.5 


+2 


+ 1 


-4 





+1 


+1 


-1 


-3 


+3 


-1 


+.5 


-.2 


-.5 


+2 


+2 


-1 





+2 


+2 





-1 


+5 


+ 1 


+2.2 


+ .8 


+.8 


+2 


+2 


+ 1 


+2 


+3 


+3 


-1 


+1 


+2 


+ 1 


+2.5 


+ 1.0 


+2,2 



+2.4 
+2. 7 • 
+2.g 
+3.1 

+3.8. 

+4.2 
+4.2 
+4.2 

+4.1 
+3.8 
+2.8 
-.1 

-3.2 
-5.5 
-7.2 
-7.9 

-6.3 
-4.2 
-3.4 
-2.2 



-.1 

+1.2 
+1.9 
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U. S, COAST AND GEODETIC SURVEY. 



Summary of monthly means. 
1919. 



Month, 


D. 


If, 


I. 


X. 


Y. 


Z. 


F, 


January 


-3 37. 3 
37.9 

38.8 
38.9 

39.4 
39.6 
4.0.2 
40.2 

40.9 
41.8 
41.6 
42.5 


r 

27933 
929 
921 
921 

908 
918 
915 
898 

883 
883 
884 
871 


51 15.3 
15.2 
15.9 
16.2 

17.3 
16.1 
16.7 
18.9 

20.3 
20.1 
19.8 
20.5 


27877 
873 
864 
864 

851 
861 
858 
841 

825 

825 
827 
812 




-1764 
1769 
1776 

1777 

1780 

1782 
^787 
1786 

1790 
1798 
1796 
1803 


34810 
803 
807 
814 

821 

808 
818 
841 

852 

847 
843 
841 


44631 


February 


624 


March 


622 


April 


627 


May 


624 


June 


621 


July 


626 


August .... 


633 


September 


633 


October . . ... 


629 


November 


627 


December 


617 






Year 


-3 39. 9 


27905 


51 17. 7 


27848 


-1784 


34825 


44626 







1920. 



January 


3 43.1 
43.6 

44.4 
44.9 

45.4 
45.8 
46.2 
46.8 

47.4 
48.0 
48.7 
49.4 


27864 
858 
845 
842 

847 
846 

838 
828 

799 

784 
789 

785 


51 20. 6 
20.8 
21.9 
22.1 

21.7 
21.6 
22.3 
23.0 

24.2 
24,7 
24.7 
25.0 


27805 
799 

786 

782 

788 
786 
778 
767 

738 
722 
727 
723 


-1807 
1810 
1816 
1820 

1825 
1828 
1830 
1835 

1838 
1841 
1847 
1853 


34834 
830 
837 
837 

835 
831 
837 
839 

827 
821 
825 
826 


44607 


February, 


601 


March 


597 


April 


595 


May 


597 


June 


593 


July... . 


593 


August 


589 


September 


562 


October ..... ... 


548 


November 


553 


December 


551 






Year 


-3 46. 1 


27827 


51 22. 7 


27767 


-1829 


34832 


44582 







Summary of annual means. 



Year. 


D. 


H. 


'■ 


X. 


Y. 


Z. 


F, 


1903 


/ 

-1 23.2 

1 31.0 
1 38.3 
1 45. 9 

1 53.7 

2 02.5 
2 11.7 
2 20.6 
2 29.9 
2 39.0 

2 49.6 

3 00.4 
3 10.1 
3 19.2 
3 27.0 
3 34.0 
3 39.9 
3 46.1 


29336 

266 

221 

173 

106 

29021 

28927 

834 

739 

638 

622 

401 

279 

158 

28066 

27985 

27905 

27827 


49 10. 
15.0 
17.0 
22.1 
29.3 
36.3 
44.1 
52.0 

50 00. 4 
09.0 
21.2 
33.9 
45.9 

50 55. 5 

51 02. 7 
10.9 
17,7 

51 22. 7 


29327 

256 

209 

159 

090 

003 

28905 

810 

712 

607 

487 

362 

236 

111 

28015 

27931 

27848 

27767 


r 

-709 
775 
835 
899 
962 
1034 
1107 
1179 
1253 
1325 
1407 
1489 
1.563 
1630 
1689 
1741 
1784 
-1829 


33946 
965 
952 
999 

34066 
106 
151 
202 
258 
312 
421 
533 
630 
680 
714 
783 
825 
832 


r 
44865 


1904 


834 


1905 


795 


1906 


799 


1907 


806 


1908 


782 


1909 


755 


1910 


734 


1911 


•716 


1912 


692 


1913 


702 


1914 


712 


1915 


710 


1916 


672 


1917.. 


640 


1918 


644 


1919 


626 


1920 


582 







BEBULTS OF OBSERVATIOIlTS AT VIEQUES, P. R., 1919 AND 1920, 25 
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EARTHQUAKES. 

A Bosch-Omori seisfnograph has been in operation since September, 
1903. It consists of two horizontal pendulums, one recording north- 
south motion (N) and the other recording east-west motion (E). 
In the following tables the times are Greenwich mean time^ counted 
from midnight. 

Period o! pendulums: N, 19 sec: E, 17 sec. 
Multiplication, 10. 
Steady mass. 10 to 12 kg. 

Register of earthquakes. 



No. 


Date. 


Com- 
ponent. 

N 
E 
N 
E 
N 
E 
N 
E 
N 
E 

N 
E 
E 

N 
E 
N 
E 
E 
N 
E 
N 
E 
E 
N 
E 
N 
E 
N 
E 
E 
N 
E 
E 
N 
E 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 

l 

1 

E 

N 
E 
E 
N 
E 
N 
E 
N 
E 
N 
E 


P. 


S. 

* 


L. 

ft. m, s. 
3 35 36 

3 35 35 

4 05 32 
3 59 39 

12 23 10 
12 18 12 
3 56 56 
3 49 56 


M. 


C. 


F. 


A. 


455 


1919. 
Jan. 1 


h.m. s. ! Ti. m, s, 
3 19 18 i 3 30 06 
3 19 15 ; 3 29 19 

1 


h. m. s. 
3 35 52 

3 30 05 

4 08 31 
4 03 30 

12 25 43 
12 21 56 
3 57 36 
3 51 50 
20 30 07 

20 30 16 

21 06 45 
21 12 44 
11 43 25 
11 42 40 

7 01 48 

8 16 25 
8 31 17 


3 37 
3 40 

12*27" 
12 30 

'ii'ii' 

21 19 

8 45 


h, m. 
4 19 
4 30 
4 10 
4 10 

12 30 

12 37 
4 01 
4 00 

20 33 

20 34 
2129 

21 44 

12 01 
11 59 

7 11 
9 55 

10 29 
2 42 

2 42 

3 12 

2 18 

3 18 

21 54 

22 05 
3 44 
1 61 
1 51 

23 44 
23 50 

7 22 

7 25 
22 09 

50 

45 
16 45 
22 13 
22 21 
16 43 

11 54 

11 53 

8 59 
8 58 
6 14 

6 13 
19 U 
19 11 
10 06 
10 05 

13 57 

14 00 
14 19 
14 23 

12 58 
21 57 
21 57 
16 25 

16 25 

17 15 

7 24 
7 24 
3 47 
3 47 

1 14 
1 14 
35 
36 


mm. 
1.9 
2.0 

2 


456 


Mar. 2 




Mar. 2 




.2 

.6 

7 


457 






Mar. 9 


11 58 46 




458 




.1 

.2 

2 




Mar. 24 




459 


20 29 33 
20 29 39 
20 59 17 






Apr. 17... 






1 


460 


91 DA 9fi 


21 06 15 
21 06 42 


1.0 

1.6 

1 


461, 


Apr. 21 


20 .58 44 : 21 03 44 
11 31 43 11 36 12 


462 


Apr. 28 . 


11 31 35 

6 55 32 

7 35 31 


11 35 30 


11 37 35 

6 58 53 
8 14 50 
8 12 27 


.1 
.1 

1.2 
1.8 


46H 


Apr. 30 




464 


May 1 

Mav 2 

May 3 

May 6 


7 36 31 
2 41 12 

2 41 12 


7 46 13 














465 




3 04 28 

1 54 30 

1 43 40 

20 40 46 

20 40 15 






■■■':] 

.2 
.6 

1.2 
.1 

1.2 
8 


466 


1 11 48 
1 11 39 
20 02 05 
20 01 58 
3 18 10 
1 45 39 
1 45 40 
23 19 27 
23 19 12 


1 21 27 


2 00 58 

1 54 07 

21 00 20 

21 00 02 


2 01 

2 11 

21 11 

21 21 


467 




468 


May 23 


20 04 44 


469 


June 28... 






i 46 i4* 
1 46 10 
23 30 01 
23 29 40 
7 16 34 


'23' 31* 
23 34 




June 29... 

July 6 






470 

471 


23 23 43 
23 23 11 


23 26 07 
23 25 26 

7 16 18 

7 18 15 

21 54 10 


3.2 

1.6 

.1 

I 


472 


July 8... 


7 13 05 








21 59 10 


22 01 


.2 


473 


July 11 

July 17 


35 57 
BO 31 
16 hi 50 
22 06 06 
22 08 08 
16 38 26 
U 49 34 

11 49 35 
8 50 57 

8 50 57 
6 04 48 
6 04 49 

19 03 02 
19 03 02 

9 30 15 
9 30 16 

13 50 10 

13 50 13 

14 12 00 
14 12 01 

12 32 00 
21 49 51 
21 49 52 


:::::::::: 


474 


37 38 


38 48 
16 35 43 


38 58 
16 36 53 


41 
16 40 


.1 
.1 


475 


July 22 






Aug. 3 




22 10 48 
16 38 46 


22 i2*43' 

16 38 58 


*22"i4' 
16 40 


.1 
.6 
.2 

.2 


476 




477 


Aug. 9 












r 


478 
479 


Aug. 22.. 




8 51 20 
8 51 21 
6 05 14 
6 05 12 
19 03 44 
19 03 15 


8 51 28 

8 51 34 
6 05 38 

6 05 35 
19 04 02 
19 04 02 

9 31 18 
9 31 23 

13 50 55 

13 50 50 

14 12 46 
14 12 40 
12 38 40 
21 50 28 
21 50 27 
16 21 49 

16 21 48 

17 05 35 

7 18 02 
7 18 05 


8 55 

8 55 
6 07 

6 07 
19 05 
19 05 

9 34 
9 34 

13 52 

13 52 

14 14 
14 14 

'2! 'si" 

21 51 

'"7"i9" 

7 20 


1.3 

.9 

1.3 

1.1 


Aug. 30 








■ 


480 


Sept. 5 , 

Sept. 6 


, 


1.3 

.8 
18.9 
15.9 






481 






Sept. 11 






482 





13 50 36 

13 50 27 

14 12 06 
14 12 07 


.6 

.9 

1.3 

1.2 




Sept. 11 




483 






Sept. 13 

Sept. 13...-. 




484 




. 2 


485 




21 50 22 
21 50 09 


.4 




Sept. 25 

Oct. 34 




486 


16 21 46 
16 21 46 




• 5 









3 


^87 




i7 0.3 17 
7 17 19 
7 17 27 


.1 
.5 

.6 


488 


Nov. 6 


7 15 00 7 M\ '?'A 




Nov. 8 


7 15 00 
3 45 18 
3 44 39 
1 08 42 
1 09 02 
25 35 
20 59 




489 




1 




Nov. 22 












490 






1 10 06 
1 09 43 
33 30 
25 59 




.2 




Dec. 5 






.2 


491 




6 33 65 

25 53 


.2 
.2 






24 ,39 
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U. S. COAST AKD GKODETIC SURVEY. 
Register of earthquakes — Continued . 



No. 


Date. 


Com- 
ponent, 


P. 


S. 


L. 


M. 
h. m. s. 


C. 
h. m. 


F. 

h. m. 
4 50 
4 50 
16 38 
16 38 
21 34 
21 43 
23 11 
23 12 
18 38 
18 51 
13 30 
13 50 


A. 


49?, 


1920. 
Jan. 4 


N 
E 

N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
E 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
E 
N 
E 
N* 
E 
'N 
E 
N 
E 
■ N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
E 
E 
N . 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
N 
E 
E 
N 
E 


Ji.m. s. 
4 28 45 
4 28 32 
16 26 30 
16 26 30 
21 23 51 

21 23 51 
23 02 .38 
23 02 37 
18 31 32 
18 31 33 
11 45 32 
11 45 39 

22 07 48 
22 07 48 
22 37 34 

10 53 
8 13 15 


Ti. m. s. \ h. m. s. 


mm. 




Jan. 15 




4 36 50 






. 1 


493 




16 26 56 
16 26 51 
21 24 23 


16 27 21 
16 27 33 
21 24 47 
21 24 54 
23 03 24 
23 03 29 


16 30 
16 28 
21 26 
21 27 
23 04 
23 04 


1 




Jan, 26 




8 


494 




1 4 








21 24 22 
23 03 01 
23 03 01 


.6 


495 

496 


Jan. 26 




2 6 


Jan. 30 




9 






497 


Feb. 2 

Feb. 10 


18 35 24 I 18 39 30 


18 39 45 
13 22 55 
13 10 58 




1 


498 




12 38 15 

22 08 02 
22 08 02 
22 37 56 


A 

85+ 
84 -i- 


499 
500 
591 

502 

503 

504 


Feb. 10... 






22 16 


23 33 

22 42 
17 
8 20 

8 22 
39 

9 39 
15 44 

15 44 
18 00 

18 00 
22 43 

22 42 
14 02 

14 02 

19 19 

19 52 

23 19 
23 19 
17 43 
17 43 
21 27 

21 36 

22 50 
21 29 

21 28 

5 52 

6 24 
49 
50 

20 36 

20 45 
2 47 
2 45 

16 56 

17 10 
2 20 
2 29 

16 59 

17 17 

22 11 
22 28 

15 53 
15 53 

21 21 
17 11 
12 49 
12 41 

"ri'os* 

12 12 

13 16 

13 13 
.2 23 

2 22 
10 55 
10 54 
5 17 
5 31 
21 46 

14 22 
14 32 








Feb. 11 --■ 




11 39 

8 14 32 
8 14 16 
28 14 
28 14 


8 17 
30 
30 


2 


Feb. 11 


s i-A :^7 


4 


Fob. 12 




8 13 38 
27 34 
27 11 


.3 


26 58 
26 59 
15 39 37 
15 39 35 
17 49 52 

17 49 49 
22 39 48 

22 39 38 
13 54 11 
13 54 11 

18 42 58 
18 44 42 

23 13 22 
23 13 22 
17 39 15 
17 39 18 




3 3 


Feb. 12 




1.9 






Feb. 12... ■ 


"i7'.56 os' 
17 50 OS 




15 40 30 
17 50 29 

17 50 45 


'i7'52' 
17 52 


,1 
1 1 






9 


505 
506 

507 


Feb. 12. 






Feb. 2i 




22 40 10 
13 54 47 
13 54 50 
19 09 25 
19 04 54 

23 14 28 
23 14 32 


'13 '56* 
13 56 
19 13 
19 16 

17 40 
17 40 


i 


13 54 27 




1*0 


Mar. 20 


13 54 21 
18 51 38 
18 51 36 




g 


19 06 30 
19 03 50 
23 13 45 
23 13 41 
17 39 26 
17 39 21 


3 


508 


Mar. 31 


.4 
.1 


509 


Apr 12 




.1 




Apr, 19 




17 39 47 


1 


510 


21 18 10 
21 18 00 




511 
512 


Mav 7 ..--. 


21 13 02 


21 22 25 

22 37 40 


21 23 35 

22 38 5') 


21 32 

22 40 


.2 
3 


May 29 


21 24 40 
21 24 33 




1 












1 


513 i June 5 

; 


4 42 57 




5 39 07 
5 26 10 

45 20 


5 44 20 
5 40 25 
45 40 
45 45 
20 26 25 
20 22 IS 


5 47 
5 54 

'20 "29* 
20 27 


.8 
2 


514 
515 


.Mv' 7. J 


44 54 

44 44 




2 


Aiiji'. .-3 




.2 


20 12 06 
20 12 13 


20 21 47 
20 20 17 


3 




Ausj. 7.--.'..'. 




2 5 


516 


2 41 21 
2 41 41 


2 




Aug, 20 . . . 








.2 


517 




16 52 06 
16 42 00 






1 




Sept. S 




16 33 09 


16 46 50 


16 52 


2 


518 


2 06 34 
2 06 52 
15 01 36 
15 01 35 
21 59 46 
21 59 46 
15 47 48 
15 47 48 






Sept. 20.............. ■ 

Sept. 24...... 


2 15 06 










519 


15 41 13 
15 49 06 


15 42 50 
15 42 01 


15 49 

15 58 


.6 






7 


5'>,0 


22 03 45 
22 03 45 




5^1 


Oct.' 2 ..... 


22 05 13 
15 47 52 

15 47 52 
21 08 05 


22 05 24 
15 47 53 
15 47 53 
21 09 03 


22 06 
15 48 
15 48 


.3 
13 5 




Oct. 7 




3 


5'>'? 




3 


5'?,3 


Oct. 8... 


16 57 21 
12 22 47 
12 23 35 
11 45 21 
11 45 21 
11 54 10 

11 54 08 

12 58 41 


17 00 57 
12 26 45 
12 26 55 


1 


5'>4 


Oct. 22 ..■ 




12 26 53 
12 27 46 
11 46 10 
11 46 21 
11 54 57 
11 55 09 


"ii'so" 

11 50 
11 58 
11 59 


5 


'i?5 


O'Ct.,.27: V 


"ii'45'56" 


!5 
4 4 


5?6 


Oct. 27 




3.2 






1 9 




Oct. 28 






2 2 


5^7 


13 00 22 
13 05 08 




1 






13 08 48 


13 09 40 
2 13 38 
2 13 24 
10 46 08 
10 46 14 




'l6'49* 
10 49 


.1 


528 
529 
530 

531 

532 


Nov. 4 


2 13 06 
2 12 38 
10 45 26 
10 45 24 
4 43 27 
4 43 22 
21 36 39 
12 38 12 
12 36 50 


1 5 


No'i'. 6 






7 




10 45 52 


4 


Dec. 10 




1.2 




5 00 45 
4 57 39 
21 38 35 


2 


Dec. 11 


4 49 50 


4 58 10 


5 00 


.2 


Dec. 16 


12 49 10 


13 03 30 

12 59 40 


13 17 45 

13 16 24 


13 28 
13 33 


11.6 
3.4 
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455. Waves of irregular period and amijlitude. Apparently two earthquakes with waves of different 
periods 

450. Local, probably from Porto Eieo 

432. Barely pcTceptiible on N. 

45.3. : Four long waves on N Ijcginning at 8:03 may be L. The ])hase tabulated as P may be PRi. A 
phase oecnrrinR on N at 7:52:45 and on E at 7:52:28 is probably SRi. 

454. Ivocai, felt at Vieques, windows rattled. . 

466. The phase tabulated as P may be PRi. 

457. ■ P not well-defmed. 

489. Felt in Porto Rico. 

471 , Phases uncertain on aecount of wind tremors- 

473, 474. Preliminary phases imcertain. 
■ 475. N not recording. 

478. Felt in. Porto Rico. 

479. Fell by a. few persons in Vieques. 
48 1. Recorded on magnctograph also. 

484. Times uncertain because of absence of time marks. 

487. Time marks missing. Times interpolated over an interval of 12 hours. 

480. Felt at several places in Porto Rico. ^ 

491. P well marked on E: other phases uncertain. 

492. Very faint: no definite phases. 

494. Felt strongly in Porto Rico. At 21:23:27 on N there is a faint but definite disturbance. 

495. Fdt strongly in Porto Rico. 

49S. P -.veil defined; other phases not distinct. 

498. Caused much alarm in Porto Rico. At 22:08:34 the stylus of N was carried beyond the edge of the 
paper by the swing of the pendulum and did not return. E went off at 22:09:08 but came back at 22:14:20. 
The tamilated maxima vrere measured to the edge of the paper. 

503, 505. P doubtful. 

507. P f.nd L doubtful. 

513. Reported from Formosa. The phase tabulated as P is probably PR. L indefinite. 

Of the numerous near-by shocks the second phase has sometimes been tabulated as S and sometimes as 
L, according to the appearance of the record. 

515. A phase on N at 20:07:12 is probably FEi. SRi is well marked on E at 20:15:33 and on N at 20:15:50. 

516. Apparently a slight local shock. 
517.. 1/ uncertain. 

518. The phases tabulated as P may be PRi. 

519. The phases tabulated as P may be PRi. There is another phase on E at 15:05:20 and one at 15:18:09, 
the latter probably SRi; also L repeated at 16:44. 

521. Very strongly felt at Vieques; similar to two underground explosions. 

524. Pimscs not well defined. Time uncertain. 

525. The end overlaps the beginning of 526. 
527. Faint and indefthite. 

512. P and S faint and hard to place. Other phases at 12:43:11 on E and 12:44:10 on N. 

MAGNETIC STORMS. 

Ill the table below the relative magnitude of the disturbance is 
indicated by the figures 1, 2, 3, 4. When a storm began abruptly, 
the time of beginning is given to the nearest minute. For compari- 
son with similar data for other observatories the Greenwich mean 
time may be found by adding four hours. 

On the succeeding sheets will be found reproductions of the mag- 
netograms showing the principal storms reduced to one-half the 
original size. A storm selected for reproduction is indicated in the 
table by an asterisk after the date. Upward motion of the curves 
correspond to increasing west declination^ increasing H, and increas- 
ing Z. 
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U. S. COAST AJTD GEODETIO SXJBVEY. 
Principal magnetic disturbances. 



Date. 


60th 

meridian 

time of 

beginning. 


Duration 
in hours. 

140 
41 

171 
37 

145 

158 
97 
180 

44. 

34 
44 

106 
117 

22 
164 
236 

133 
34 

202 
54 
80 

80 

115 
53 
20 

54 

28 
111 

51 
70 

•77 

51 

67 
54 
32 

82 

46 
33 
48 
115 
107 
■ 87 

156 
64 

121 
49 

116 

1 18 
1 35 
i 65 
1 30 

1 114 
i 107 
i 85 
i 56 


Eelative 
magni- 
tude. 


I 
Date. 1 


60th 

meridia,n 

time of 

beginning. 


Duration 
In hours. 


Relative 
magni- 

■ ■ tude. 


1919. 
Jan. 3* 


li, m. 

14 12 
19 24 

2 
7 

6 39 

14 
3 

15 27 

2 
11 
14 
10 

8 

10 

3 50 
13 

18 53 

7 24 
17 

16 
20 

6 

16 

11 

• 12 • 

10 



11 

21 
2 
13 

14 
10 

17 , 

23 

22 

8 

18 

8 

9 
12 
11 

12 ii 

17 30 
21 

23 09 
10 37 

5 18 
1 

34 
9 

21 

10 

19 


2 1 
1 ! 
1 i 
1 1 
1 1 

1 1 

2 

2 

1 
1 
1 
2 
1 

1 i 

2 

2 

2 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 
1 
1 
1 
1 

t 

2 
1 
1 

I 

1 
1 
2 
2 

3 
1 
2 
2 

2 

2 
1 

2 
1 

1 
2 
1 
1 


1920. 

Jan.6 ....| 

Jan. 11 :.... 


11 i 

9 07 1 
9 i 
15 1 


16 

1 
14 

3 

22 

8 52 
5 10 

21 
20 
11 
16 

15 

20 21 
12 

1 
13 

8 

2 
7 


2 

8 
19 
19 
14 
16 
19 

17 
14 
9 

22 15 
23 

18 
15 
11 
23 

18 
13 

1? 

8 55 

i 1 
! 21 
' 13 

i 

i 


109 
18 
49 

120 
74 

41 
98 




Jan 12 




Jan 16 


Jan. 14 - 




Jan 28 


Jan. 20 ... 




Jan 31 


Jan. 28 




Feb 12 


Feb. 6 ...-..- 

Feb. 11 ....-,.- 




Feb 20 




Feb 27* 


Feb. 15 


75 • 1 


Mar. 11 


Feb. 241 ..>.. 

Mar.3* ,.,. 

Mar. 14* 


99 1 1 

j 


Mar. 13 

Mar 15 


127 ! . 2 

101 ! 1 


TViar 19 


Mar. 22* 


144 3 


Mar.27 


Apr.3 

Apr. 14* 1 


104 
170 




Apr 3 


1 

. 2 


Apr. 6 


Apr. 23 -1 

Apr.29 ' 


36 j 1 


Apr 15 


92 

32 
127 
156 

76 
60 

86 

72 
41 
123 
101 

46 
199 

■37 
107 
19 

27 

62 
102 

109 

■ 29 

144 

! US' 

! 37 
i 156 

1 28 

i 

1 ■ 86 

! 40 

! 89 

\ U 

\ 24 

i 177 
1 75 
i 84 


] 


May 1* 


Mays 

May 12* 


1 


May9 


1 


May li 


May 24 

June9 

June 22 


1 


May 20 ... 




May 23 


1 




: 


June 1 


June 28 


1 


June 8 


JulyO 

July 11 




June 22 


: 


June 25 


; 


June 27 


Julyl4............. 


1 




July 22 


1 


July 1 


Aug.3 




July 7 . . . 




July 16 


Aug. 7 


1 


July 22*1 ! 


Aug. 17. -. 




July 31 


Aug. 20 






.\ug. 29 




Aug. 10* 


Aug. 31... 

Sept. 2... 




Aug. 15.. 




Aug 18 
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